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ABSTRACT
SYNTHESIS AND REACTIONS OP ALKYL COBALT COMPLEXES 
CONTAINING A QUADRIDENTATE NITROGEN 
DONATING LIGAND
BY
VIRGIL E . MAGNUSON 
A lky l c o b a l t ( I I I )  com plexes o f th e  2 ,3 » 9 i1 0 - te t r a -  
m eth y l- 1 ,4 ,8 ,1 1 - te t r a a z a u n d e c a -1 ,3 * 8 ,1 0 - te t r a e n - 1 1- o l -1 - o la to  
an io n  w ere p rep a red  and c h a r a c te r iz e d .  The a lk y l c o b a lt  
com plexes a re  o f th e  g e n e ra l fo rm u la  [RCo(BDM1,3pn)(H20)] X 
where R i s  m ethyl, e th y l ,  n -p ro p y l , n - b u ty l ,  and b e n z y l.
The BDM1, 3pn r e p re s e n ts  th e  t e t r a d e n ta t e  an ion  and X i s  
e i t h e r  th e  p e rc h lo ra te  o r  t e t r a f l u o r o b o r a t e  an io n . The 
a lk y l  com plexes were c h a ra c te r iz e d  by u l t r a v i o l e t ,  v i s i b l e ,  
and p ro to n  m agnetic reso n an ce  s p e c t r a .
The dibromo c o b a l t ( I I I )  and th e  m ethyl c o b a l t ( I I I )  
com plexes o f  th e  2 ,3*9*1 0 - te tr a m e th y l- 1 , 4 , 8 , 1 1 - te tra a z a u n d e c a -  
1 ,3 » 8 ,lO - te tr a e n -1 1 -o x y d if lu o ro b o ro n -1 -o la to  an ion  were a ls o  
p re p a re d  and c h a ra c te r iz e d .  The a b b re v ia t io n s  o f th e  
com plexes were Co(BDM1, 3pnBF2)Br2  and [cH^Co(BDM1, 3pnBF2) -  
(H20)] CIO^. The m ethyl com plex was c h a ra c te r iz e d  by 
u n t r a v i o l e t ,  v i s i b l e ,  and p ro to n  m agnetic resonance  s p e c t r a .
x
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A v a r i e t y  o f  r e a c t io n s  o f  th e  c o b a l t - c a rb o n  bond were 
s tu d ie d .  The com plexes w ere s u b je c te d  to  b o th  h ig h  te m p e ra ­
tu r e  (2 0 0 °) and s u n l ig h t  u n d e r  an ae ro b ic  c o n d i t io n s .  H om olytic 
c leav ag e  o f  th e  c o b a l t - c a rb o n  bond o cc u rs  by  b o th  p y r o ly s i s  
and p h o to ly s i s .  The o rg a n ic  p ro d u c ts , a lk a n e s  and a lk e n e s ,
■were i d e n t i f i e d  by  gas chrom atography  and, in  one c a s e ,  i t s  
u l t r a v i o l e t  sp e c tru m . The c o b a l t ( I I )  p ro d u c ts  w ere i d e n t i f i e d  
by com paring t h e i r  v i s i b l e  s p e c t r a  w ith  th o s e  o f  known 
com plexes.
The s t a b i l i t y  o f  th e  c o b a lt-c a rb o n  bond was t e s t e d  
u n d e r v a r io u s  c o n d i t io n s  o f  pH u s in g  HC1, HNO^, HCIO^, HI, 
and NaOH. The t e s t s  were made in  th e  d a rk , u n d e r  a n a e ro b ic  
c o n d i t io n s  a t  room te m p e ra tu re  and a t  52°. The com plexes 
a re  s t a b le  (pH 1 -1 4 ) a t  room te m p e ra tu re . At pH 13-14  and 
52°, th e r e  i s  c le a v a g e  o f th e  c o b a lt-c a rb o n  bond . The o rg a n ic  
p ro d u c ts  were i d e n t i f i e d  by  g as  chrom atography and th e  
c o b a l t  com plexes by  s p e c t r a l  com parisons.
The v a r io u s  a lk y l  c o b a l t  com plexes were a l s o  fo u n d  to  
r e a c t  w ith  th e  m e rc u ry ( I I )  e l e c t r o p h i l e .  The r a t e s  o f  th e  
r e a c t io n s  were m easured  and  th e  p ro d u c ts  i d e n t i f i e d  by  
s ta n d a rd  m ethods. The d e a lk y la t io n  o f  th e  com plexes o c c u rre d  
a t  a f a s t e r  r a t e  w ith  HgCClO^^ th a n  w ith  HgCOAc^* V ary ing  
th e  pH had no e f f e c t  on th e  r e a c t io n  r a t e  in  c o n t r a s t  to  an 
ana logous a lk y l  c o b a l t  com plex system .
The I 2  e l e c t r o p h i l e  was a ls o  found to  c le a v e  th e  
c o b a lt- c a rb o n  b o n d . The p ro d u c ts  were Co(BDM1,3pn)l2 and
x i
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CH :^ (R=CH^) o r 0 2 ^ 1  (R s ^ H ^ ) .  The a lk y l  h a l id e s  were 
i d e n t i f i e d  by gas ch rom otog raphy . The CoCBDMI, 3 p n ) l2  was 
i d e n t i f i e d  by com paring  i t s  u l t r a v i o l e t - v i s i b l e  sp ec tru m  to  
t h a t  o f  an a u th e n t ic  sam ple .
S e v e ra l n u c le o p h i l i c  r e a g e n ts  (NaCN, RaHS, NaCl, N al 
CgH^SH) were s tu d ie d  in  th e  d a rk , u n d er a n a e ro b ic  c o n d i t io n s  
The an io n s  CN” , HS” , a c t  as n u c le o p h ile s  r e p la c in g
th e  w a te r w hich i s  t r a n s  t o  th e  a lk y l  g ro u p . The p ro d u c ts  
were i d e n t i f i e d  by  C, H, IT a n a ly s is  and s p e c t r a l  com parisons
The c h e m is try  o f  th e  c o b a lt-c a rb o n  bond in  th e  
a lk y l  c o b a lt  com plexes o f  BDM1,3pn was compared to  t h a t  o f  
analogous a lk y l  c o b a l t  com plexes. These ana logous com plexes 
a l l  c o n ta in  a t e t r a d e n t a t e  l ig a n d  system  t h a t  i s  in  a  p la n e  
p e rp e n d ic u la r  to  th e  c o b a l t - c a rb o n  bond. Com parisons o f  th e  
e f f e c t  o f  th e  v a r io u s  l ig a n d  system s w ere made. The e f f e c t  
o f  th e  s p e c ie s  a x i a l  t o  th e  a lk y l  group was d is c u s s e d .
•  •
X I 1
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INTRODUCTION
O nly in  th e  l a s t  10 to  15 y e a rs  h a s  i n t e r e s t  developed  
in  o r g a n o t r a n s i t io n  m e ta l c h e m is try . T h is  i n t e r e s t  h ad  i t s  
b e g in n in g  w ith  th e  d is c o v e ry  o f  f e r ro c e n e  i n  1951• U n t i l  1955 
o rg a n o c o b a lt  compounds were l im i te d  to  a  few  a r y l -  and 
a lk y l - c o b a l t  com plexes form ed d u r in g  G rig n a rd  and o th e r  
s im i la r  r e a c t i o n s  w ith  c o b a l t  h a l id e s .
W hile th e  e a r l y  o rg a n o tr a n s i t io n  m e ta l c h e m is try  
c e n te re d  on com plexes c o n ta in in g  7T -b o n d s , a s  in  o l e f i n s  and 
a c e ty le n e s ,  o rg a n o c o b a lt  com plexes c o n ta in  c o b a l t - c a rb o n  
C f-bonds. I n i t i a l l y  th e  com plexes were a lk y l  c o b a l t ( I )
4 0  7+
c a rb o n y ls ,  * w ith  a  few o rg a n o c o b a lt ( I I I )  h a l i d e s .
In  1962, w ith  th e  X -ray  c r y s t a l lo g r a p h ic  s tu d y  o f 
V itam in  i t  was shown t h a t  a n a t u r a l l y  o c c u r r in g  m olecu le
-< 0  Zl
c o n ta in e d  a c o b a l t- c a rb o n  O -bond . The s tu d y  showed in  th e  
s t r u c t u r e  o f  V itam in  coenzyme (F ig . 1 ) an  a x i a l  a lk y l  
g ro u p . I n t e r e s t  in  o rg a n o c o b a lt c h e m is try  v a s t l y  in c re a s e d  
from  t h i s  p o i n t .
I t  h a s  b een  r e c e n t l y  shown^*^ t h a t  t h e r e  i s  an 
i n t e r e s t  in  an a lo g o u s  o r g a n o c o b a l t ( I I I )  com pounds. More th a n  
a th o u sa n d  o r g a n o c o b a l t ( I I I )  com plexes a re  now known. These 
com plexes a re  b e in g  s tu d ie d  n o t o n ly  f o r  t h e i r  r e l a t i o n s h i p  
to  V itam in  B ^  b u t  a ls o  f o r  th e  i n t e r e s t  i n  th e  u n d e rs ta n d in g  
o f  th e  c h e m is try  o f  th e  com plexes th e m s e lv e s .
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F ig u re  1 . S tru c tu r e  o f  V ita m in B ^
Coenzyme.
B a s ic a l ly  th e r e  a re  two groups o f  o r g a n o c o b a l t ( I I I )  
compounds. The f i r s t  group i s  th e  one t h a t  c o n ta in s
n
n  -bonded  and m u ltib o n d ed  o rg an o co b a lt com plexes. Some
exam ples a re  N a^C oC -C sC -C H ^g],®  c i s - d i a l k y l c o b a l t ( I I I )
com plexes,^  and th e  Tf-bonded  c y c lo p e n ta d ie n y lc o b a l t ( I I I )
10 11compounds. * T h is  i s  by  f a r  th e  sm a lle r  o f  th e  two g ro u p s .
The seco n d  and l a r g e r  group c o n ta in s  th o s e  com plexes 
t h a t  have n o t o n ly  an a lk y l  c o b a lt  bond, b u t  a ls o  l ig a n d s  
bonded th ro u g h  n i t r o g e n  and oxygen atom s. These l ig a n d s  a r e ,  
f o r  th e  m ost p a r t ,  e i t h e r  b id e n ta te  o r  t e t r a d e n t a t e .  They 
form a  p la n a r  sy stem  e q u a to r ia l  to  th e  c o b a l t - c a rb o n  bond. 
These l ig a n d s  seem to  le n d  s t a b i l i t y  to  th e  c o b a l t - c a rb o n  
bond and a re  v e ry  an a lo g o u s to  V itam in B ^  i*1 s t r u c t u r e .  T h is  
l a t t e r  group i s  th e  s u b je c t  o f  t h i s  t h e s i s .
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3S tru c tu re  o f  th e  L ig a n d s .
The o r g a n o c o b a l t ( I I I )  compounds a re  g e n e ra l ly
o c ta h e d ra l  s ix - c o o r d in a te d  com plexes w ith  some known sq u a re
pyram idal f iv e - c o o r d in a te  sy s tem s. The n o n -a lk y l o rg a n ic
groups c o o rd in a te d  t o  th e  c o b a l t  a re  mono-, d i - ,  t e t r a - ,  and
p e n ta -d e n ta te  l ig a n d s .  F ig u re  2 shows th e  g e n e ra l s t r u c t u r e
5
o f  th e  s ix - c o o r d in a te  sy stem .
a re  shown in  T able I .  BDM1,3pn was th e  l ig a n d  o f  c e n t r a l  
im p o rtan ce . H e r e a f te r  i t  w i l l  be  r e f e r r e d  to  as  L a s  in  
RCoL. The te rm  (C h e l)  may a ls o  be u sed  to  r e p r e s e n t  o th e r  
l ig a n d s .  R e fe re n ce s  5 and 6 b o th  g ive  more com plete  l i s t s  
o f  l ig a n d  sy stem s.
Methods o f  P re p a r a t io n  o f  o r g a n o c o b a l t ( I I I )  com plexes.
A ll  th e  known m ethods o f  p re p a r in g  o rg a n o c o b a lt  ( I I I )
5 6com plexes a re  d is c u s s e d  in  th e  p re v io u s ly  m entioned  re v ie w s< ’ 
There a re  fo u r  m ethods o f  p r e p a ra t io n :  (1 ) e l e c t r o p h i l i c
E q u a to r ia l  l ig a n d s  
which may be fo u r  
mono-, two d i - ,  o r  
one t e t r a -  
d e n ta te  l ig a n d
a x ia l  o rg a n ic  group 
(c a rb a n io n )
Charge m=2- 
( t o t a l  charg e  on 
L ) - (Charge B)
B a x ia l  b ase  l ig a n d
F ig u re  2 . G en e ra l S tru c tu r e  o f  th e  
S ix -c o o rd in a te  System .
The p r in c ip a l  e q u a to r i a l  l ig a n d s  used  in  t h i s  work
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Formula
1.
T ab le  I .  E q u a to r ia l  L igands
Name/abbr evi at i on
H3C
H3cx




2 , 3 ,9 > '1 0 - te tra m e th y l- ‘1 ,4 ,8 ,1 1 - t e t r a -  
a z a u n d e c a - l« 3 ,8 , yl0 - t ;e t r a e n - yl/l - o l - 1 -
o la to  an ion*2 , a 
BDM1,
Where Bg=
2 , 3 ,8 ,9 - te t r a m e th y l - 1 , 4 , 7 , 1 0 - te t r a -  
azau n d eca-1 , 3 , 7 , 9 - t e t r a e n - I O - o l - l -  
o la to  anion
BDMen'





















Where Bg= - ( 0 1 1 2 ) 2 “ 
b i s ( s a l i c y l a ld e h y d e ) 1 ,2  e thane
S a l2en




C = N N —C
C —  N N — C \
H3 c Bg CH,3
Where Bg=
2 ,3 ,9 ,1 0 - te t r a m e th y l - 1 ,4 ,8 ,1 1 - t e t r a -  
azaundeca-1  ^ ^ l O - t e t r a e n - ' l l -  
o x y d if lu o ro b o ro n - l -o la to  anion
BDM1, 3pnBF2











H2 C C ^  
C H 2
CH.
2 ,3 > 9 i1 0 - te tr a m e th y l-1 , 4 , 8 , 1 1 - t e t r a -  














b i s  ( a c e ty la c e to n e ) 1 ,2 -e th a n e  
bae
a . A lso  r e f e r r e d  t o  as d iace ty lm o n o x im e-d iac e ty l-m o n o x im ato - 
im ino p ro p an e
b . A lso  r e f e r r e d  t o  as t n ,  (DOH)(DO)pn , and (dotnH )
c . A lso  r e f e r r e d  t o  an (DOH)(DO)en and (doenH)
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8r e a c t io n s  o f  c o b a l t ( I I I )  s p e c ie s ;  (2 ) f r e e  r a d i c a l  r e a c t io n s  
o f  c o b a l t ( I I )  s p e c ie s ;  (3 )  n u c le o p h i l ic  r e a c t io n s  o f  c o b a l t ( I )  
s p e c ie s ;  and (4 ) a d d i t io n s  o f  h y d r id o c o b a lt  s p e c ie s .
(1 ) E l e c t r o p h i l i c  r e a c t io n s  o f  c o b a l t ( I I I )  s p e c ie s .  
T his i s  one o f  th e  m ethods t h a t  h as  been  u se d  to  
p re p a re  RCoL(H20 ) + c a t io n  com plexes. C osta  and M e s t r o n i^  
r e a c te d  CoLBr2 w ith  C^'^MgBr as fo llo w s:
CoLBr2 + C ^ M g B r ^ S c ^ C o L B r  + MgBr2 (1 )
Hp°
CgH^CoLCgH^CoLCHgO) + + Br" (2 )
The C2H^CoLH20+ i s  p r e c i p i t a t e d  as th e  p e r c h lo r a te  o r
'i h.
t e t r a p h e n y lb o r a te •
The CH^CoL(H20 ) + c a t io n  complex can a ls o  be 
s y n th e s iz e d  by  t r a n s f e r r i n g  an a lk y l  group from  one o rg a n o -  
c o b a l t  complex to  a n o th e r .  v
CH5C o(S al2en) + Coi:EIL(H20 )2+%e0H/H20
CoII:E( S a l2e n )+ + CH5CoL(H20 ) + (3 )
Both th e  CH^CoL(H20 ) + c a t i o n ^  and (CH^)2CoL^^ have 
been  u se d  as t r a n s a l k y l a t i n g  a g e n ts .
I t -CH5CoL(H20 ) + + CH^CoL
(CH3) 2CoL + CoII;LL(H20 ) 2+ (4 )
*te tra h y d ro fu ra n
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9(CH5) 2CoL + C o(C hel)(H 20 ) +X“
CH5CoL(E20 ) +X“ + CH5Co(Chel)H 20 (5 )
(w here c h e l= S a l2en and r e l a t e d  l ig a n d s )
The d im e th y l complex has a ls o  been  u se d  to  m e th y la te  
CgH^CoL(H20 ) + and V itam in  S e v e ra l  o th e r  m ethyl t r a n s ­
f e r  r e a c t io n s  u s in g  a v a r i e ty  o f  l ig a n d s  were m entioned .
When com paring th e  m ethyl c o b a l t  com plexes as a 
s e r i e s  o f  m e th y la tin g  a g e n ts  to  C o^^C C hel) (H20 )* 2 , th e  
l ig a n d s  in  t h i s  s tu d y  a re  in  th e  o rd e r :
S a l2en \  (DMG)2 \  BDM1,3pn
I IT h is  i s  e s s e n t i a l l y  th e  same o rd e r  as  w ith  Co a c c e p to r s .
(2 )  T ree  r a d i c a l  r e a c t io n s  o f  c o b a l t ( I I )  com plexes.
<10 AQ
H alp e rn  and cow orkers ’ ~have d em o n stra te d  t h a t  
o rg a n ic  h a l id e s  (RX) can be red u ced  by c e r t a i n  lo w -sp in  
c o b a l t ( I I )  com plexes. These in c lu d e  C o(C N )^  and 
Co(DMG)2B, (w here B = p y rid in e , t r ip h e n y lp h o s p h in e , e t c . ) .
The s to ic h io m e try  and mechanism a re  shown by
—3
(CH) c^ Co11 + R X -^ C N ^ C o 111 X + R« (6 )
-3  t  “ 3
(CN)^Co11 + R» (CN)^Co1 R (7 )
3 _3 —3
2(CN)^Co11 + R X -*(C N )5CoI I 3: X + (CN^Co111 R
They have a ls o  shown t h a t  o r g a n o c o b a l t ( I I I )  com plexes 
can be s y n th e s iz e d  by a mechanism in v o lv in g  " o u te r - s p h e re "  
e le c t ro n  t r a n s f e r  r a t h e r  th a n  h a lo g en  a b s t r a c t i o n .
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C o(S al2en)(MeIMI)) was r e a c te d  w ith  p - n i t r o b e n z y l  brom ide (BX).
C o(S al2en)(MeIMD) + MeIM3)£ C o (£ a l2en)(MeIMD)2 (9 )
C o (S al2en)(MeIMI>)2 + BX-*?Co(Sal2en) (MeIMD>2 + RX“ (10)
C o(S al2en)(MeIMD)2 + EX"-»Co(Sal2en)(M eIKD)2 +
E- + X”  (11)
C o (S al2en)(MeIKD) + R» —» C o (S a l2en) (MelMD)R (12)
2C o(Sal2en)(MeIMD) + EX + MelMD -------■*
C o (S a l2en)(MeIMD)2 + C o(S al2en)(MeIMD)R + X~(13) 
(M eIM D=1-methylim idazole)
A nother f r e e  r a d i c a l  r e a c t io n  in v o lv in g  c o b a l t ( I I )
20com plexes was r e c e n t l y  r e p o r te d .  A lk y la tio n  o c c u rs  d u r in g  
o x id a tiv e  d eam in a tio n  o f  o rg an ic  h y d ra z in e s . O rg an ic  h y d ra­
z in e s  a re  n o t c o n s id e re d  a lk y la t in g  a g e n ts , b u t  th e y  a re  
e a s i l y  o x id iz e d , g o in g  th ro u g h  d iazene  in te r m e d ia te s .  These 
d ia zen e s  can decompose in to  o rg an ic  r a d i c a l s  and m o le c u la r  
n i t r o g e n .  The o x id a t io n  o f  h y d raz in es  i s  c a ta ly z e d  by  
t r a n s i t i o n  m e ta ls .  I t  i s  p o s s ib le  th e n  f o r  t r a n s i t i o n  m e ta l 
com plexes to  t r a p  th e  o rg a n ic  fragm en ts and form  o rg an o ­
c o b a lt  ( I I I )  com plexes.
(3 ) N u c le o p h il ic  r e a c t io n s  o f  c o b a l t ( I )  s p e c ie s .
The r e a c t io n  o f  n u c le o p h il ic  c o b a l t  ( I )  s p e c ie s  w ith  
an o rg a n ic  s p e c ie s ,  i s  by f a r  th e  most common. N u c le o p h ilic  
c o b a l t ( I )  has been  u se d  e x te n s iv e ly  to  p re p a re  o rg a n o c o b a lt  ( I I I )
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com plexes o f  BDM1 th e  form [rCoL(H 20)]X .
(These r e a c t io n s  a re  a l s o  known a s  o x id a tiv e  a d d i t io n  
r e a c t io n s .  The Co^(BDM1, 3pn) goes to  RCo’^ '^BDM I ,3pn)X  
v ia  th e  a d d i t io n  o f  th e  a lk y l  h a l id e ,  EX.
Two m ethods have been  employed: one i s  to  make
OA
th e  o r g a n o c o b a l t ( I I I )  com plex in  s i t u : th e  second  i s  to
work th ro u g h  an i s o l a t e d  in te rm e d ia te .  Both in v o lv e  th e  
g e n e ra tio n  o f  C o (I)  e i t h e r  from  C o (II)  o r  C o ( I I I ) .  In  th e  
f i r s t  method a  c o b a l t ( I I )  h a l id e  i s  mixed w ith  th e  l ig a n d  
in  w a te r -a c e to n ^  and HaBH^ added to  red u ce  th e  c o b a l t ( I I )  
to  c o b a l t ( I ) .  NaOH i s  added to  in c re a s e  th e  pH, and th e  
a lk y l  h a l id e  i s  added . A f te r  sodium h a l id e s  a re  rem oved 
by f i l t e r i n g ,  NaClO^ o r  NaBF^ i s  added and a i r  i s  p a s s e d  
th ro u g h  th e  s o lu t io n .  The s o l i d  [RCoI^HgO)] X (w here 
X=C10^, BF^) i s  r e c o v e re d  by  f i l t r a t i o n .
Rh(BDM1,3pn) and Rh(BDM1, 3pnBFg) a l s o  r e a c t  w ith  
v a r io u s  s p e c ie s  in  THF to  g iv e  o x id a tiv e  a d d i t io n  p ro d u c ts  
(Eqn. 1 4 ) .22
RhL + X-Y S L x R h L Y  (14 )
The addenda XT may b e  I g ,  C^H^CHgCl, CH^I, t r i p h e n y l t i n -  
c h lo r id e ,  and 6-brom ohexene to  m ention a few . Of a d d i t io n a l  
i n t e r e s t  i s  th e  f a c t  t h a t  th e  hydrogen in  th e  (O-H-O) can be 
re p la c e d  by SnCl^ a s  w e ll  as  BFg.
In  th e  seco n d  m ethod a c o b a l t ( I I )  h a l id e  was u se d . 
The BDM1,3pn was m ixed w ith  a c e to n e , and th e  c o b a l t ( I I )
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h a l id e  was added . A ir  blown s lo w ly  th ro u g h  th e  system  
o x id iz e d  th e  c o b a l t ( I I )  to  c o b a l t ( I I I )  and  ca u sed  th e  
e v a p o ra tio n  o f  th e  a c e to n e . As th e  ac e to n e  e v a p o ra te d , th e  
Co^^LXg p r e c i p i t a t e d  as  d a rk  g reen  c r y s t a l s .
The Co^^IiX 2 (X=Br“ , I ” , Cl“ ) was m ixed w ith  
ac e to n e -w a te r , and  NaBH^ was added to  red u ce  th e  c o b a l t  ( I I I )  
to  c o b a l t ( I ) .  When th e  a p p ro p r ia te  a lk y l  h a l id e  i s  added, 
th e  o r g a n o c o b a l t ( I I I )  com plex i s  o b ta in e d  as a  BF^ o r  CIO^ 
s a l t  (E qn. 1 5 -1 7 )•
Coi:CBr2 + HL ^L»CoII3:LBr2 (15)
I I I  2e I  -  . .Co LBr2 ______ZL» Co 1 + 2Br (16)
Co1! + CH^I f§^,CH5CoII3:L(H20)+ + 1“ (17)
Carbon monoxide r e a c t io n s  w ith  C o ^* L B r2 have been 
s t u d i e d .2^ I t  h a s  been n o te d  t h a t  in  aqueous THF,
Co^^^LBr2 a q u a te s  g iv in g  C o^^L (H 20 )2+^ . T h is  io n  i s  in  
e q u i l ib r iu m  w ith  i t s  d i s s o c ia t io n  p ro d u c ts  hydroxoaqua and 
d ihyd roxo  d e r iv a t iv e s  (pK^= A .17, pX2 * 7 . 7 0 ) .
When CoI I 'CL(H20 ) 2+^ was r e a c te d  w ith  CO, th e  p ro d u c t 
depended on th e  pH.
CoII:CL(H20 ) 2+2 - | 0^ Co I I L(H2 ° ) 2 (18)
CoI:EIL(H20 ) 2+2 •-g ° , r CoI LC0 (19)
The Co^LCO was shown to  r e a c t  w ith  CH^I t o  y i e ld
ch5col(h2o) +.
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1 . benzene 
t/t i a n a e ro b ic
Co LG0 2, CH?l Q h r )
3. NaC10^(aqJ^H5CoL(H20)] CIO^ (20)
The same r e a c t io n  y i e ld s  (CH^^CoL a t  pH 13-
(4 ) A d d itio n s  o f  h y d rid o  c o b a l t  s p e c ie s .
In  l e s s  b a s ic  m ed ia , c o b a l t ( I )  s p e c ie s  te n d  to  form 
c o v a le n t h y d r id e s .  These h y d r id e s  have been  known to  form  
o r g a n o c o b a l t ( I I I )  com plexes by d i r e c t  r e a c t io n  w ith  a lk y l  
h a l id e s .  Some p e n ta c y a n id e ^  o r g a n o c o b a l t ( I I l )  com plexes 
have been made t h i s  way.
Co (CN)5H” 5 + CH2=C(R)X^Co(CN)5C(CH5)(R)X“ 1 (21)
(where R=H o r  CH^; X=CN” , COOH, COG” , CgH^)




--------------- HCo (DMG)2B + B' (22)
(where B = p y rid in e , P(_n-C^H^), P(CgH^)^)
The h y d rid e  i s  found  to  r e a c t  w ith  a c r y l o n i t r i l e  and 
m e th y la c ry la te  to  form o r g a n o c o b a l t ( I I I )  com plexes.
CH,0H
HCo(DMG)0B + CHo=0HX __1__ „  CHz-CHXCo(DMG)^B (23)
d d pH 7 -9  5
P h y s ic a l  P r o p e r t i e s  .
Because th e r e  i s  v e ry  l i t t l e  therm odynam ic d a ta  
a v a i la b le  abou t th e  c o b a lt- c a rb o n  bond, c h a r a c te r i z a t io n
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a n a ly s is  has r e l i e d  h e a v i ly  on X -ray  c r y s ta l lo g r a p h ic  d a ta  
and u l t r a v i o l e t ,  v i s i b l e ,  and in f r a r e d  m easurem ents. A lso 
s in c e  th e  o r g a n o c o b a l t ( I I I )  compounds a re  d ia m a g n e tic , 
in fo rm a tio n  abou t s t r u c t u r e  can be o b ta in e d  from  p ro to n  
m agnetic  re so n an ce  s p e c t r a .
The c r y s t a l  an d  m o le c u la r  s t r u c tu r e  o f
[cH^Co(BDH1,3pn)(H20)J CIO^ ( F ig .  3) has been  d e te rm in e d  by
26X -ray  a n a ly s i s .  The compound was found to  b e lo n g  to  th e  
o rtho rhom bic  sy stem , com posed o f  o rg a n o m e ta ll ic  c a t io n s  and 
p e r c h lo r a te  a n io n s . The c o o rd in a tio n  around th e  c o b a l t  i s  
t h a t  o f  a d i s t o r t e d  o c ta h e d ro n . The t e t r a d e n t a t e  
BDM1,3pn l ig a n d  o c c u p ie s  th e  e q u a to r ia l  p o s i t i o n s ;  th e  CH  ^
and H^O groups a re  a x i a l .  T h is  a n a ly s is  co n firm s t h a t  l i k e  
o th e r  V itam in B ^  a n a lo g s ,  th e  RCo(BDM1,3pn)(I^O)* c a t io n i c  
com plexes c o n ta in  a  s t a b l e  c o b a lt-c a rb o n  bond.
The c o b a l t - c a rb o n  bond le n g th  (1 .9 9  &) i s  i n  good 
agreem ent w ith  t h a t  o f  th e  coenzyme (2 .0 5  and 
O -m ethyicarboxym ethyl b i s  ( d im e th y lg ly o x im ato ) - p y r id in e  
c o b a l t  (2 .0 4  1 ) .  The c o b a lt-o x y g e n  (w a te r)  bond le n g th  i s  
2 .1 4  2 . The av e rag e  c o b a l t - n i t r o g e n  bond le n g th  f o r  
e q u iv a le n t N(1) and N (4) atom s (1 .8 7  and f o r  N (2) and N(3) 
(1.95 i )  a re  v e ry  n e a r l y  th e  same.
A ll  th e  a n g le s  i n  th e  o c ta h e d ra l  a rran g em en t a round  
th e  c o b a l t  a re  e s s e n t i a l l y  th e  same. The av e rag e  bond an g le  
f o r  IT(4)-Co*CH^ i s  9 1 .1 °*  The same two n i t r o g e n  atom s 
(N-Co-0) w ith  r e s p e c t  t o  th e  a x i a l  w ate r had  an a v e ra g e  bond 
an g le  o f  9 0 .6 ° .














h 2 c 2
N . - C





F ig u re  J .  S t r u c tu r e  o f  th e  CH^Co(BDM1, 3pn) c a t io n
m [ciLXo (BDMi , 3pn) (H20)] C10z
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
16
I t  was a l s o  shown t h a t  no e q u a to r ia l  atom was more 
th an  0 .0 9  & from  th e  p la n e ,  ex cep t t h a t  th e  m idd le  carhon  
in  th e  b r id g e  was 0 .7 8  S above th e  p la n e . C o n s id e rin g  th e  
c o b a l t  w ith  r e s p e c t  to  th e  fo u r  n i t r o g e n  atom s, th e  c o b a l t  
was 0 .0 5  ^  above th e  p la n e  w hile  N(1) and W(3) w ere 0 .0 2  
below  th e  p la n e .
The d is ta n c e  a c ro s s  th e  hydrogen bond from  oxygen 
to  oxygen was 2 .5 9  &, in d ic a t in g  a  s tro n g  hydrogen b o n d .^
The u l t r a v i o l e t - v i s i b l e  s p e c t r a  o f  s e v e r a l
RCoLtHgO)*1" c a t io n i c  com plexes (R=CH^, CgH^, C^H^CER,) have
14 \been r e p o r te d .  F ou r bands (200-500 nm) a re  g iv en  a lo n g
PRw ith  th e  m olar a b s o r p t i v i t i e s .  S c h ra u z e r  and cow orkers 
have a s s ig n e d  th e  band a t  465 h® to  th e  c o b a lt- c a rb o n  ch arg e  
t r a n s f e r  en e rg y .
N u c le a r m ag n e tic  reso n an ce  (nmr) h as  been  u sed  to
s tu d y  th e  c h e m is try  o f  s e v e ra l  o r g a n o c o b a l t ( I I I )  com plexes.
1 19 59Not o n ly  H nmr b u t  a ls o  ^F nmr and ^ 7Co nmr were s tu d ie d .
Chem ical s h i f t s  have been  u sed  f o r  c h a r a c te r i z a t io n  a s  w e ll
as a com parison o f  th e  r e l a t i v e  s t r e n g th s  o f  c h e la t in g
a g e n ts . A x ia l b a s e  re p la c e m e n t, t r a n s  e f f e c t s ,  and
c i s - t r a n s  e f f e c t s  have been s tu d ie d .
nmr h as been  u se d  to  i d e n t i f y  theO £ -  and jQ -m ethy l
groups (F ig . 5)» w ith  r e s p e c t  to  th e  im ine g ro u p , in
BDM en.^ T his was p o s s ib le  because  o n ly  th e C t -m e th y l hydrogen
exchanges w ith  D2 O. The chem ical s h i f t s  f o r  b o th  groups as
w e ll a s  f o r  th e  b r id g e  -C E^- groups were g iv e n .
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The ch em ica l s h i f t s  f o r  s e v e r a l  o r g a n o c o b a l t ( I I I )  
com plexes have been  m easu red . Some l ig a n d s  t h a t  have been  
s tu d ie d  in c lu d e  2 , 2 * b ip y r id in e ,^  (DMG)23®’ 3^ ,3 ^, 
B D M I^ p n ^ ^ ’ ^ ’^ a n d  BDM1  , 3 pnBF2 . 3 3  A lso  some RR h(Sal2 en)P y
7 5 5
chem ical s h i f t s  have been  m e a s u r e d .^  A lky l g roups s tu d ie d  
in c lu d e  CH^, G^H^, n-C^E^, n-C^H^, and CgH^CH2  among 
o th e r s .
nmr has been  u se d  to  in v e s t ig a te  t r a n s  e f f e c t s  
in  [rCoLb ]x com plexes (w here E=m- o r  £ - f lu o ro b e n z e n e ;
B=CH5 , £-C 6 H4 , OCN” , I ” , B r”", SON- ) . 5 6 ’ 3 7  FC6 H4 CH2 Co(Chel)B  
com plexes (w here Chel= (DMG)2 , BDM1,3pn; B=CN“ , NCS“ ,
A Q
o th e r s )  have a ls o  r e c e n t l y  been  s tu d ie d  u s in g  F chem ical 
s h i f t s . 3® The ^ F  ch em ica l s h i f t s  a re  g r e a t e r  th a n  th o s e
A
found in  H nmr s t u d i e s .
3Q
R e ic h e r t  and W est^ have r e c e n t ly  c o n s id e re d
CQ
v a r ia t io n s  in  th e  ^ C o  re so n a n ce  p o s i t io n s  o f  some o rg an o - 
c o b a l t ( I I I )  com plexes. Complexes o f  (DMG)2 , S a l 2 en , and 
(bae) were s tu d ie d .  The chem ical s h i f t s  were compared w ith  
r e s p e c t  to  d i f f e r e n t  a x i a l  b a s e s  in c lu d in g  w a te r ,  ammonia, 
and p y r id in e .  In  a d d i t io n ,  th e  chem ica l s h i f t s  o f  th e  
n o n a lk y la te d  Co1 1 1  com plexes were m easured ; t h i s  in c lu d e d  
[co(BDM 1,3pn)(EH^)2 ] c i 2 . In  each  ca se  th e  chem ical s h i f t  
was (DMG) 2  ^ S a l2en ^ b a e .  I t  was co n c lu d ed  t h a t  t h i s
r e p r e s e n ts  th e  o r d e r  o f  d e c re a s in g  a b i l i t y  o f  th e  e q u a to r ia l
ITTChel to  s p l i t  th e  e n e rg y  l e v e l s  o f  Co . (DMG) 2  com plexes 
th e n  ap p e a r  to  be s t r o n g e r  o r  more s t a b l e .
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The e f f e c t  o f  l ig a n d  m o d if ic a tio n  on th e  k i n e t i c s  
o f  b ase  exchange w ith  c e r t a i n  CH^Co(Chel)B com plexes 
(w here Chel*(DMG)2 , BDM1,3pn, TIM) has been s tu d ie d . 4 0
These c h e la te s  d i f f e r  i n  s u c c e s s iv e  rep lacem en t o f  th e  
(-OHO-)" groups w hich b in d  th e  two d iim ine  h a lv e s  o f  th e  
l ig a n d  by -(CH2 ) ^ -  g ro u p s . S in ce  th e  (-0H 0-)”  c a r r i e s  a 
n e t  n e g a tiv e  c h a rg e , i t  i s  e x p e c te d  to  be r e l a t i v e l y  more 
e le c t ro n  r e l e a s in g  th a n  -(C H p ),,- . Hence th e  e f f e c t i v e  ch a rg e
ch arg e  o f  th e  c o b a l t  com plex a ls o  in c re a s e s  in  th e  same o r d e r .  
I t  was found in  exchange o f  oxygen b ases  t h a t  th e  exchange 
was r a p id ,  b u t  th e y  ap p e a red  to  b in d  more s t r o n g ly  in  th e
B ridged  and a x i a l  cy an id e  in f r a r e d  s t r e t c h in g  
f re q u e n c ie s  o f  o r g a n o c o b a l t ( I I I )  com plexes have been 
In  a d d i t io n ,  o th e r  bonds in c lu d in g  C-Co, C=N, C-N, and N-0
o r g a n o c o b a l t ( I I I )  compounds. Some le a d  to  th e  c le a v a g e  o f  
th e  c o b a lt-c a rb o n  bo n d . Some r e a c t io n s  in v o lv e d  re p la c e m e n t 
o f  th e  a x ia l  b a s e . These and o th e r  r e a c t io n s  can g e n e r a l ly  
be c l a s s i f i e d  a s  one o f  th e  fo llo w in g : ( 1 ) h o m o ly tic
r e a c t io n s ,  ( 2 ) e l e c t r o p h i l i c  r e a c t io n s ,  ( 3 ) n u c le o p h i l ic  
r e a c t io n s ,  (4 )  i n s e r t i o n  r e a c t i o n s ,  and (5 ) m is c e lla n e o u s  
r e a c t io n s .
on c o b a l t  sh o u ld The o v e r a l l
41 42f re q u e n c ie s  have been  r e c o rd e d . ’ C o r re la t io n  h a s  been  
d i f f i c u l t  becau se  o f  v a r i a t i o n s  in  d a ta .
R e a c tio n s  o f  o r g a n o c o b a l t ( I I I )  com plexes.
T here a re  s e v e r a l  ty p e s  o f  r e a c t io n s  in v o lv in g
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What fo llo w s  a re  some exam ples o f  th e s e  ty p e s  and 
where p o s s ib le  w ith  r e s p e c t  t o  th e  RCo(BDM'1,3pn)(H2 0) + 
c a t io n .
(1 ) H om olytic r e a c t i o n s . Both p h o to ly t ic  and 
p y r o ly t ic  r e a c t io n s  a r e  known w here th e  c o b a lt-c a rb o n  bond i s  
c le a v e d . 2 ^(Eqn. 24-26)
CH3 Com LH2 0 + A e r o b i c ' C° II]L+ + 0H4 + c? 6  
CH5 CoI:CILH2 0+ CIT»  CH,CoIi:i:LCg GoLCN + CH4  (2 5 )
I t  was n o ted  t h a t  in  th e  p re se n c e  o f  a i r ,  m ethyl r a d i c a l s  a re
o x id iz e d  to  v a r io u s  p r o d u c ts ,  m a in ly  form aldehyde.
TTT . 1=200-225° TT .
0H5 Co1 1 :LL(H2 0 ) + a re o n    Co L + CH4  (2 6 )
The p ro d u c ts  were n o t c o m p le te ly  i d e n t i f i e d .
H om olytic o x id a t io n  r e a c t io n s  have been s tu d ie d  f o r  
R C oC D M G )^^ .^  T h is in v o lv e s  a  o n e -e le c t ro n  o x id a tio n  o f  an 
o rg a n o c o b a l t ( I I I )  com plex.
RCoI I I (DMG)2 H20 + 2 I r C l 6 ” 2  + 2H20
CoI 3 :(DMG)2 (H2 0 )^  + 2 I rC l 6 ” 5  + ROH + H+ (2 7 )
(where R=CgH^CH2)
O rg a n o c o b a lt( I I I )  com plexes have a ls o  been u se d  to
44a lk y la te  1 ,4 -n ap th o q u in o n e  and 1 ,4 -b en zo q u m o n e .
C H jC o(C iel)IH D  £ j * j )
CoI]:(Chel)IMD *  * (2 8 )
(where Ohel=(DMG)2 , BDM1,3pn)
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2. Cl
(2 ) E le o t r o p h i l i c  r e a c t i o n s . The m e rc u ry ( I I )  io n  i s  
known to  remove th e  a lk y l  group from  RCo(TMG)2 H2 0  com plexes^’^  
The k in e t i c s  o f  th e  re p la c e m e n t have a ls o  been  s tu d ie d .
ECoCDJKOgHgO + Hg+ 2  H2° r  Co(I)MG)^ (H2 0 ) 2  + +
RHg+ (2 9 )
The m e rc u ry ( I I )  io n  h a s  r e c e n t ly  been u sed  to  show in v e r s io n  
a t  th e  a  -c a rb o n  in  th e  c le av a g e  o f  th e  c o b a lt- c a rb o n  b o n d . ^
C(CH ) ,  0(OH ) C(CH )
1 »  C O (D H G ); V * *  ( 5 0 )
HgCl
th re o  e r th o  th re o
R=jo-S02 C6 H4Br X=Co (DMG ) 2py
T his i s  th e  f i r s t  exam ple o f  an e l e c t r o p h i l i c  m e ta l - a lk y l  
c leav ag e  r e a c t io n  o f  m e rc u ry ( I I )  io n  p roved  to  p ro ceed  w ith  
in v e r s io n .
Io d in e  h as  a l s o  been  shown to  r e p la c e  th e  a lk y l
48g ro u p .
CH5 C o (S a l 2 en)H20 + I 2 ^ ^ ^ I C o Ii:E( S a l 2 en) +
CH5I  ( 3 1 )
(3 ) N u c le o p h il ic  r e a c t i o n s . I t  has been  shown t h a t  
n u c le o p h ile s  may r e p la c e  th e  a lk y l  g roup .
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CH OH
CgH^CoCSalgen) + cy i^ S ”  CoI ] [ I ( S a l 2 en)
(SC2 H5 )H2 0  + C ^6 4 8  ( 3 2 )
More f r e q u e n t ly  th e  n u c le o p h ile  r e p la c e s  th e  a x ia l
b a s e .
RCo(Chel)B + B 1 -* R C o (C h e l)B ' + B (33)
Dodd and Johnson^® r e p o r te d  t h a t  CN” can r e p la c e  w a te r  as th e  
a x ia l  b a se  in  f lu o ro b e n a y l  c o b a l t ( I I I )  com plexes where th e  
e q u a to r ia l  l ig a n d  i s  BDM1,3pn.
£-R -C 6 HZjCoL(H2 0 ) + + CN”- * £ i- I ’-C 6 H^CoLCN + H20 (34)
The r a t e s  o f  v a r io u s  s u b s t i t u t i o n  r e a c t i o n s  o f  w ate r 
on RCoL(H2 0) have been  m e a s u r e d .^  The r a t e s  o f  rep lacem en t 
o f  th e  aquo-group  by  im id a z o le , b e n z im id a z o le , and t r ip h e n y l -  
phosp h in e  in  a c e to n e  w ere m easured  w ith  r e s p e c t  t o  R (where 
R=CH5 , C2 H5 , n-C 5 H? , C6 H5 , C g^C H g).
R e s u l ts  showed th e  r e a c t io n  was a  Sjj1 p ro c e s s  
(Eqn. 33 ).
The im id a z o le  was u sed  w ith  a l l  th e  R g ro u p s . The 
r a t e s  in c r e a s e d  in  th e  sequence R=C^H^ ^CH
A nother ty p e  o f  n u c le o p h i l ic  r e a c t i o n ,  o x id a t io n -  
r e d u c t io n ,  h a s  been  s tu d ie d  e x te n s iv e ly ? ^ ’ 5 0 , 5 1 * 5 2  Qne 
th e  i n t e r e s t i n g  r e a c t io n s  was t h a t  o f  t r a n s m e th y la t io n  by 
th e  CH^Co^BDMI, 3 pn a n io n .
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T rends in  m e th y l group donors have been  d e te rm in e d . I t  has 
been shown t h a t  th e  d im ethy l com plex i s  b e s t .
(CH5 ) 2CoL ^  CH5C o(bae)H 20 ^  CH5C o (S a l2 en)H 20 ^
CH5 CoLH2 0 +
(4 ) I n s e r t i o n  r e a c t io n s . Oxygen, s u l f u r  d io x id e ,
and ca rb o n  m onoxide have a l l  been  i n s e r t e d  i n to  th e  c o b a l t -
carbon  bond o f  th e  RCo(Chel) com plexes, w here Chel=(DMG)2 ,
S a l2en and bae  (Eqn. 36 -3 8 ).
53A. Oxygen*^
(36)
B. S u lfu r  d iox id e-^
CH^Co(Chel)B + S02 -^ C H 5 S0 2 C o (C h e l)p y  (37)
(w here Chel=(DM-r)2 , B=py; where C h e l= S a l2en o r  b a e ,
b=h2o)
55C. Carbon monoxide*^
RCo(Chel)B + C 0 H 2 £ E f0C0Co(Chel)B (38)
(w here R = alk y l; a r y l ;  C hel= bae, S a l 2 en ; B=H2 0 , py; 
R ’=CH3 , C2 H5 , i-C 5 H7)
h j /
RCo(DMG)2py  —•  R00Co(DMG)2py
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(5 ) M isce llan e o u s  r e a c t i o n s . S c h rau ze r  and 
c o w o r k e r s ^ *^  have s tu d ie d  th e  n u c le o p h i l ic  r e d u c t iv e  
c o b a lt-c a rb o n  bond c leav ag e  r e a c t io n s .  The r e d u c ta n ts  
i n i t i a l l y  a t ta c k  t r a n s  to  th e  a lk y l  g roup . T h is  i s  fo llo w e d  
by th e  r a te - d e te r m in in g  c leav ag e  o f  th e  c o b a lt- c a rb o n  bond. 
The a lk y l  group i s  th e n  c o n v e rte d  to  a c a rb a n io n ic  s p e c ie s  
w hich r e a c t s  w ith  a  p ro to n  to  form an a lk a n e .
Among th o s e  o r g a n o c o b a l t ( I I I )  com plexes t h a t  have 
been s tu d ie d  i s  [cH^CoLCHgCOj CIO^. B oth DMG and S a ^ e n  
com plexes have a l s o  been  s tu d ie d .  The r e d u c ta n ts  in c lu d e  
d i t h i o e r y t h r i t o l  (pH 4-.6 ) and a lk a l in e  CO, ^ 2 8 2 )^4 , and 
K^SnO^. 3 H2 0 .
When th e  r e d u c t  a n t d i t h i o e r y t h r i t o l ,  HBf (pH 4-. 6 ) 
was u se d  th e  B' r e p la c e d  th e  w a te r  (Eqn. 39)•
CH3 Co(Chel)H20 + HB' —a»»B'CoI I (C hel) + H20 + CH^ (39)
W ith th e  o th e r  r e d u c ta n t s ,  th e  a lk an e  i s  form ed, b u t  th e  
r e d u c ta n ts  a re  o x id iz e d  (Eqn. 4 0 ) .
CH^Co(Chel) + B -^ C o I (C hel) + BQx + CH^ (40)
The r a t e s  o f  d em e th y la tio n  u s in g  th e s e  r e d u c ta n ts  
have been  m easured . The g e n e ra l t r e n d  i s  BDM1,3pn ~  (D M G )^ 
S algen  when th e  a l k a l in e  r e d u c ta n ts  a re  u se d . F o r th e  
d i t h i o l  i t  i s  (D I lG ^ ^ S a ^ e n  ^BDM1,3pn.
A nother ty p e  o f  r e a c t io n  in v o lv e s  th e  b a se  c le a v a g e  
o f  2 -h y d ro x y e th y l o r g a n o c o b a l t ( I I I )  com plexes.^®  The r e a c t io n
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i s  th o u g h t to  fo llo w  a 1 , 2 -h y d r id ic  s h i f t  m echanism .
HO 0
H9H HC"H T




(where Chel=(DMG)2 , S a lg en , BDM1,3pn.)
The r e l a t i v e  r a t e s  o f  fo rm a tio n  o f  a c e ta ld e h y d e  w ith  r e s p e c t  
to  th e  e q u a to r ia l  l ig a n d s  were BDM1 ,3 p n ^  (DMG) 2  ^  S a ^ e n .
Co(CHel)
N atu re  o f  th e  e q u a to r i a l  l ig a n d s .
There have  heen  a ttem p ts  made to  c o r r e l a t e  d a ta  
w ith  r e s p e c t  t o  th e  n a tu re  o f th e  l i g a n d s . ^ ’ 5 2 *5 9 * 6 0  
P r im a r i ly  th e  s tu d i e s  w ere concerned w ith  t r e n d s  in  p h y s ic a l 
and chem ical p r o p e r t i e s  as  r e l a t e d  to  th e  e q u a to r ia l  l ig a n d s .  
A lso some in fo rm a tio n  was g iven  on th e  o rg a n ic  a x ia l  l ig a n d s .
The s tu d i e s  have in c lu d e d  r e a c t i v i t y  o f  th e  c o b a l t -  
ca rbon  bond w ith  r e s p e c t  to  th e  d i f f e r e n t  l i g a n d s .  T his 
r e a c t i v i t y  i s  d ep en d en t on th e  e le c t ro n  donor and ac ce p to r  
p r o p e r t i e s  o f  th e  l ig a n d s .  Both p h y s ic a l  and chem ical d a ta  
a re  c i t e d  to  show th e  r e l a t i v e  " e le c t r o n e g a t iv i ty "  o f  th e  
e q u a to r ia l  l ig a n d s .  W hile com plete d a ta  c o u ld  n o t be 
o b ta in e d , th e r e  i s  enough o v e rlap  to  p r e d i c t  how e f f e c t iv e ly  
th e  l ig a n d s  d o n a te  e l e c t r o n s  to  th e  c o b a l t  atom .
The o v e r a l l  co n c lu s io n  reac h ed  i s  t h a t  th e  
e q u a to r ia l  l ig a n d s  can be compared in  e l e c t r o n  donor s t r e n g th ,  
b a e ^  S a ^ e n  ^  (DMG^ ^  BDM1,3pn
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T his means t h a t  BDM I^pn d o n a te s  e l e c t r o n s  to  th e  c o b a l t
l e s s  e f f e c t i v e l y ,  m aking th e  c o b a lt  more p o s i t i v e .  T h is  i s
2to  say  th e  e l e c t r o n  d e n s i ty  in  th e  d^ bond ing  o r b i t a l  o f
th e  c o b a l t  i s  l e s s  and th e  C f - c o b a l t - a lk y l  bond w ould be
l e s s  r e a c t i v e .  The c a rb a n io n  would be  more t i g h t l y  h e ld  by
th e  c o b a l t  atom t h a t  i s  c h e la te d  by BDM1,3pn. The
fo llo w in g  p h y s ic a l  and chem ical d a ta  a re  o f f e r e d  in  s u p p o r t
o f th e  c o n c lu s io n .
P ro b a b ly  th e  m ost im p o rta n t ev id en ce  i s  th e  e f f e c t
o f th e  e q u a to r ia l  l ig a n d  on th e  h a lf-w av e  p o t e n t i a l s  o f
52 58 59p o la ro g ra p h ic  red o x  p r o c e s s e s .  ’ '  H alf-w ave p o t e n t i a l s  
have been  d e te rm in ed  f o r  th e  e le c t r o n  t r a n s f e r  in  in o rg a n ic  
(n o n -a lk y l)  and o rg a n o m e ta l l ic  com plexes. L ooking a t  b o th  
g iv e s  an o v e r la p  in  d a ta .
The r e v e r s i b l e  o n e - e le c t ro n  t r a n s f e r  schem es f o r  
b o th  k in d s  o f  com plexes a re  r e p re s e n te d .  For th e  in o rg a n ic  
com plexes a s in g le  scheme i s  needed  (Eqn. 4 2 ) .
Co1 1 1  (C h e l) (p y )2+ ^  CoI I (C h e l) (p y ) 2  d=£
CoI (C h e l ) (p y )2“ (4 2 )
(where C hel= bae, S a l 2 en , (DMG)2 )
With th e  o rg a n o m e ta l l ic  com plexes, two schemes a r e  n e c e s s a ry  
(Eqn. 4 3 -4 4 ) . S u p p lem en ta ry  d a ta  a re  found  in  T ab le  I I .









T able I I .  H alf-w ave p o te n t i a l s  f o r  r e l a t e d  o x id a t io n - re d u c t io n  r e a c t io n s .
Bae
L igands
Salpen DMG BDM1, 3pn
In o rg a n ic  com plexes 
Com (C h e l) (p y ) 2  
E# Co1 1 1  -  Co1 1







O rg an o m eta llic  com plexes
C g H ^ C h e l)^ 0
Yfc RCo1 1 1  -  RCo1 1  
E)£ RCo1 1  -  RCo1
-1 .9 7 -1 .7 1
-2 .1 7
-0 .9 5
a . O ther a x ia l  l ig a n d s  showed th e  same t r e n d s .
b .  S e v e ra l a lk y l  g roups were u sed  w ith  S alpen  and BDM1,3pn com plexes, and showed 
th e  same t r e n d s .
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RCo II:C( Chel )H20 RCo I :[( Chel )H2 0~
RCo I ( Chel )H2 0 - 2  0 3 )
(w here C hel=bae, S a l 2 en, (DMG)2)
RCoII]CL(H 2 0 ) + ^  RCoI I L(H 2 0)
RCoI L(H 2 0 ) - 1  (44-)
(where L=BDM1,3pn)
Both k in d s  o f  com plexes show th e  same t r e n d s .  With 
th e  in o rg a n ic  com plexes th e  h a lf-w av e  p o t e n t i a l s  become more 
n e g a tiv e  (DMG) 2  \  S a l2en ^ b a e . The more n e g a t iv e  th e  h a lf-w av e  
p o t e n t i a l ,  th e  more d i f f i c u l t  th e  r e d u c t io n .  And w ith  th e  
o rg a n o m e ta ll ic  com plexes th e  t r e n d  i s  BDM1,3pn \ S a l 2en ^ b a e . 
T his i s  t r u e  f o r  b o th  s in g le  e le c t r o n  r e a c t i o n s .
These d a ta  th e n  su g g est t h a t  bae i s  d o n a tin g  more to
th e  e l e c t r o n  d e n s i ty  o f  th e  c o b a lt  atom . T h is  c o b a l t  atom i s
l e s s  p o s i t i v e  in  th e  p re se n c e  o f  b ae  w ith  th e  o v e r a l l  o rd e r
b e in g
bae ^ S a l 2en  ^ (  DMG) 2  ^BDMI, 3pn.
T ra n sm e th y la tio n  r e a c t io n s  were a l s o  u se d  to  show 
t r e n d s  in  e q u a to r ia l  l ig a n d  e le c t r o n  donor s t r e n g t h .  These 
r e a c t io n s  a re  th o s e  t h a t  in v o lv e  th e  t r a n s f e r  o f  a m ethy l-  
group from  one c o b a l t  complex to  a n o th e r . A com parison o f 
th e  m ethyl a c c e p to r  s t r e n g th  o f C o ^ ^ (C h e l)+ , C o ^ (C h e l) ,  
and Co^(Chel)"’ was made.
When a l l  th e  c h e la t in g  a g e n ts  w ere exam ined as 
m e th y la tin g  a g e n ts  tow ard  C o ^ ^ (C h e l)(H 2 0 ) 2+ com plexes
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(Eqn. 4 5 ) , th e  o r d e r  was
bae^> S a l 2 en^> (DMG)^>BDM1,3pn.
CH5 C o(C hel)(H 2 0 ) + + Coi:CI(C h el)(H 2 0 ) 2  -----*
CoIi:C (C h e l)(H 2 0 ) 2  + CH5 C o(C hel)(H 2 0 ) + (45)
T h is  means t h a t  a  m e th y l c o b a l t  c h e la te  in  th e  s e r i e s  can
o n ly  m e th y la te  C o^^^(C hel)(H 2 0 ) 2  com plexes to  th e  r i g h t .
ITTThe im p l ic a t io n  i s  t h a t  th e  Co BDM*1,3pn com plex
i s  th e  b e s t  e l e c t r o p h i l e  o f  th e  s e r i e s ,  a g a in  em p h asiz in g
th e  r e l a t i v e  " e le c t r o n e g a t i v i ty "  o f  th e  l ig a n d s .
I f  th e  a c c e p to r  com plex i s  C o^(C hel)”*, th e  o rd e r  i s  
th e  o p p o s ite  (Eqn. 4 6 ) .
CH5 C o(C hel)(H 2 0 ) + + CoI ( C h e l ') ”  *■
CoI (C hel)H 2 0  + CH5 C o (C h e l')  (46)
The CoI (C h e l , )~ s p e c ie s  i s  n u c le o p h i l ic .  The b ae
complex i s  th e  b e s t  n u c le o p h ile  o f  th e  s e r i e s  b ecau se  th e  bae
i s  a  b e t t e r  donor t o  th e  e le c t r o n  d e n s i ty  o f  th e  c o b a l t  
atom . The o r d e r  i s
bae ^ S a l 2en < (^DMG) 2  <^BDM1, ?pn.
S ch rau zer and D eu tsch  have s tu d ie d  th e  k i n e t i c s  o f  b a s e  
a d d i t io n  r e a c t io n s  (Eqn. 4 7 ) .  In c lu d e d  in  th e  l ig a n d s  
s tu d ie d  were DMG and BDM1,5pn. The r e l a t i v e  r a t e s  f o r  th e
Co1  (C h e l)” + B—CoI (C hel)B “ (47 )
a d d i t io n  o f  E (n -C ^H g), in d ic a te d  th e  DMG com plex was a
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b e t t e r  n u c le o p h ile  (DMG, 1 .2  x  10” ^ M" 1  s e c " 1 ; BDM1,3pn,
2 .7  x  10 " 6  M" 1  s e c " 1 ) .
D e a lk y la tio n  o f  q u a te rn a ry  ammonium io n s  w ith  th e  
Co^CChel)” n u c le o p h ile s  (C h e ls S a ^ e n , b ae ) a ls o  in d ic a t e s
fT O
t h a t  th e  bae com plex i s  more n u c le o p h i l ic .
C om parative s tu d i e s  on th e  r a t e  o f  d i s s o c ia t io n  o f  
b a se s  from CH^Co(Chel) com plexes (Eqn. 48) have been  m a d e .^
CH^Co(Chel) + CH5 Co(Chel)B (48 )
(where B=IMDCE5)
Both bae and DMG a lk y l  c o b a l t  com plexes were in c lu d e d . The 
f r e e  energy  o f  a c t i v a t i o n  ( A ^ t )  f o r  exchange was from  9  to  
1 2  k ca l/m o le  l a r g e r  f o r  CH^Co(DMG) 2  th a n  f o r  CH^Co(bae).
T h is  i s  r e l a t e d  t o  d i f f e r e n c e s  in  l ig a n d  e le c t r o n  donor 
pow ers.
A f a s t e r  a x i a l  l ig a n d  exchange f o r  th e  bae  com plex 
in d ic a te s  t h a t  b ae  i s  a s t r o n g e r  e le c t r o n  d o n a tin g  l ig a n d .
The CH^Co(bae) com plex, b ecau se  o f  a  g r e a te r  e l e c t r o n  d e n s i ty  
on th e  Co atom , i s  a  b e t t e r  n u c le o p h ile  th an  th e  CH^Co(DMG) 2  
com plex.
The k i n e t i c s  o f  b a s e  exchange in  CH^Co(Chel)B 
com plexes (Chel=DMG, BDM1 , 3pn , TIM) have been  o b s e r v e d .^
F or th e  b ase  NCCH  ^ th e  A G^  v a r ie s  in  th e  o rd e r  TIM ^ 
BDM1,3pn^ (DMG)2 » The same c o n c lu s io n  can be drawn as above: 
t h a t  i s ,  th e  e l e c t r o n  dono r power v a r i e s  in  th e  o rd e r  
(DMG) 2  BDM1,3pn TIM.
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When th e  a c c e p to r  com plex i s  C o ^ (C h e l)  th e  o rd e r  i s
b ae ^  S a l2en  ^  BDM1, 3pn •
T h is f u r th e r  em phasizes th e  e l e c t r o n i c  e f f e c t  o f  th e  
e q u a to r ia l  lig a n d : The BDM1,3pn complex i s  th e  s t r o n g e s t
e l e c t r o p h i l e .
In  a d d i t io n ,  s e v e r a l  o th e r  t r e n d s  were n o te d . The
c a rb o n y l s t r e t c h in g  f r e q u e n c ie s  in  s e v e r a l  CH^COCo(Chel)IKD
50com plexes have been d e te rm in e d . The fre q u e n c y  in c re a s e d  
b ae  ^  S a l2en (* (DKG)2  (  BDM I^pn. T h is in c r e a s e  r e l e c t s  th e  
o v e r a l l  e le c t ro n  donor pow er o f  th e  e q u a to r ia l  l ig a n d  to
th e  a x i a l  lig an d  th ro u g h  th e  c o b a l t  atom . W ith th e  BDM1,3pn
com plex, th e  c o b a lt  i s  more p o s i t i v e  th a n  i t  i s  w ith  th e  
o th e r  l ig a n d s .  A more p o s i t i v e  ch arg e  on th e  c o b a l t  i n h i b i t s  
th e  s h i f t  o f e le c t r o n s  from  th e  c o b a l t  t o  th e  ca rb o n y l 
o r b i t a l s  cau sin g  th e  f re q u e n c y  to  r i s e . ^
An o p p o s ite  b u t s u p p o r t in g  t r e n d  was n o te d  w ith  th e  
pKa v a lu e s  f o r  C o^"^(C hel)(E ^O ) (Eqn. 4 9 ) .
CoII:E(C h e l)(H 20 ) 2  CoIi:i:(C hel)0H (H 20) + H+ (4 9 )
The a c id  s t r e n g th  in c r e a s e d  S a l2en ( 6 . 8 6 ) ^(DI/IG)2 ( 5 . /I4) ^  
BDH1,3pn (4 .1 7 ) .  The pKa v a lu e s  in d ic a te  t h a t  th e  BDM1,3pn 
com plex more f r e e ly  r e l e a s e s  a  p ro to n . W ith a more p o s i t i v e  
c o b a l t  ( i . e . ,  in  BDM1,3pn co m p lex es), th e  oxygen h as a 
g r e a t e r  e le c t ro n  d e n s i ty  and th e  a c id  p ro to n  i s  h e ld  l e s s  
f i r m ly .
I t  was n o te d  t h a t  f i v e  c o o rd in a te d  o r g a n o c o b a l t ( I I I )  
com plexes a re  o b ta in e d  b y  th e  lo s s  o f  H2 0  w ith  bae and
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S a l ^ n ^ ’ -^ These lo s e  c o o rd in a te d  w ate r a t  80° and 150° 
r e s p e c t iv e ly .  On th e  o th e r  hand  th e  (DMG) 2  and BDM1 . 3pn 
com plexes form o n ly  h e x a -c o o rd in a te  com plexes. A c i s  
l a b i l i z i n g  e f f e c t  o f  th e  a x i a l  l ig a n d  by th e  e q u a to r ia l  
l ig a n d  i s  i n f e r r e d .
S t a b i l i t y  c o n s ta n ts  have been d e te rm in ed  f o r  th e  
fo rm a tio n  o f  some c o b a l t  ( I I )  c o m p le x e s^
Co1 1  (C hel) + 2 C6 H5 M 2 ^ C o I I (C hel)(C 6 H5 NH2 ) 2  (50)
The c h e la t in g  a g e n ts  i n  o rd e r  o f  in c re a s in g  s t a b i l i t y  
c o n s ta n ts  a re  bae ^ S a l 2en
P o o n ^  has r e c e n t l y  rev iew ed  th e  k in e t i c s  and 
mechanism o f  s u b s t i t u t i o n  r e a c t io n s  o f  o c ta h e d ra l  m a c ro c y c lic  
amine com plexes. In c lu d e d  a re  base s u b s t i t u t i o n  r e a c t io n s  
o f  some RCo(Chel) com plexes (w here Chel=DMG, B D M 1,3pn).^
The Cf -d o n o r c h a r a c te r  o f  th e  a lk y l  group t o  th e  
c o b a l t  atom i s  im p lie d  th ro u g h  a k in e t i c  t r a n s  e f f e c t  on 
th e  s u b s t i t u t i o n  r e a c t i o n  (Eqn. 51) •
RCo(Chel)H20 + B-*RCo(Chel)B + H20 (51)
The o rd e r  o f  in c r e a s e d  donor c h a r a c te r  i s  < CH? < ° 6 H5CH2 ~  
CjH5  ( 'n -C 3 H7 .
T h is  o rd e r  a g re e s  w ith  a d i s s o c ia t iv e  m echanism  f o r  
RCo(DMG)2 H20 c o m p le x e s :^  jL-C^Hr^ C ^ ^ C H ^ .  The r a t e  o f  
a n a tio n  (Eqn. 51) d o es n o t g r e a t ly  depend on th e  n a tu r e  o f  
th e  incom ing g roup . I n s te a d  t r a n s  in f lu e n c e  o f  th e s e  a lk y l
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groups can  b e  ta k e n  to  in d ic a t e  th e  im p o rtan ce  o f  t f -bond  
d o n a tio n  by  n o n - la b i l e  l ig a n d s  in  a f f e c t in g  th e  r e a c t i v i t y  
o f  th e  com plexes.
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EXPERIMENTAL
M a te r i a l s .
The d ia m in e s , a lk y l  h a l i d e s ,  b u ta n e d io n e  monoxim e, 
s o lv e n ts ,  and in o r g a n ic  compounds were p u rch ased  from  VWR, 
A ld r ic h , Eastm an, o r  F i s h e r .  A m ix tu re  o f  h y d ro carb o n s  
C^-C^ was p u rch ased  from  S c o t t  R esearch  L a b o r a to r ie s .  A ll 
th e  ch em ica ls  w ere u se d  a s  p u rc h a se d .
E lem en ta l A nalyses .
The a n a ly s e s  f o r  ca rb o n , hydrogen , and n i t r o g e n  were 
p erfo rm ed  on an F & M Model 185 CHN A n a ly z e r . S e v e ra l 
t e c h n ic ia n s ,  th e  m ost r e c e n t  b e in g  Mrs. Deanna C a rd in , 
perfo rm ed  th e  a n a ly s e s .
Gas L iq u id  F hase-C hrom atography  (GLPC).
The gas ch ro m a to g rap h  u se d  f o r  i n i t i a l  q u a l i t a t i v e  
p r e p a r a to ry  work was an A erograph  HYFI Model 600-C . A 
V arian  A erograph S e r i e s  1860-1 was used  to  i d e n t i f y  gaseous 
p ro d u c ts  o f  p h o to ly s i s ,  p y r o ly s i s ,  and o f  v a r io u s  r e a c t i o n s .  
Both ch rom atographs have  a  flam e io n iz a t io n  d e t e c t o r .  The 
colum ns w ere 6 ' x  1 / 8 " .  The p ac k in g  u sed  was P o rapak  Q 
(80-100 m esh ). T ab le  I I I  l i s t s  che c o n d i t io n s  u se d  to  
i d e n t i f y  th e  v a r io u s  o rg a n ic  p ro d u c ts .









T able I I I .  C o n d itio n s  f o r  I d e n t i f i c a t i o n  o f  O rganic P ro d u c ts .
O rganic P ro d u c t 
Methane
Column T em perature (°C) 
1.10
Plow R ate 





R e te n tio n  
Time (s e c )
30
E th y len e 110 30 Q 53
E thane 110 30 Q 68
Propene 110 30 Q 153
n-P ropane 110 30 Q 183
1-B utene 110 30 Q 540
M ethyl io d id e 220 30 Q 120
E th y l io d id e 220 30 Q 220
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P h o to ly s is  r e a c t io n s  were c a r r i e d  o u t in  a n a e ro b ic  
w ater s o lu t io n s .  The s o l i d  sam ples were d is s o lv e d  in  w a te r , 
and th e  f l a s k  f i t t e d  w ith  a septum . N itro g en  was u se d  to  
f lu s h  th e  f l a s k  o f  a i r .  P h o to ly s is  was c a r r i e d  o u t  u s in g  
s u n l ig h t .
B ecause some h yd rocarbons a re  w a te r  s o lu b le ,  
aqueous s o lu t io n s  o f  NaCl were used  to  d e c re a se  th e  s o l u b i l i t y  
o f  th e s e  g a s e s .
When two h y d ro ca rb o n s  were d e te c te d ,  th e  r e l a t i v e  
p e rc e n ta g e s  w ere d e te rm in ed  by u s in g  a r e a  n o rm a liz a t io n  
m ethods and by  u s in g  r e l a t i v e  s e n s i t i v i t y  c o r r e c t io n  v a lu e s* ^  
(see  APPENDIX IV ).
A ll th e  a lk y l  g roups were p h o to ly z e d  in  n e u t r a l  
s o lu t io n s .  In  a d d i t io n  a p h o to ly s is  was c a r r i e d  o u t w ith  th e  
n-C^H^ com plex in  an a n a e ro b ic  b a s ic  (1 M NaOH) s o lu t io n .
P y r o ly s is .
P y r o ly s is  was u se d  to  q u a l i t a t i v e l y  t e s t  f o r  th e  
fo rm a tio n  o f  a lk y l  c o b a l t  bonds d u rin g  s y n th e s i s .  Under 
an ae ro b ic  c o n d i t io n s  sam ples were p y ro ly z e d  in  v i a l s ,  each  
f i t t e d  w ith  sep tum . The v i a l s  were th e n  f lu s h e d  w ith  
n i t r o g e n .  The o b s e rv a t io n  o f  a lk an es  a n d /o r  a lk e n e s  by  
GLPC p roved  th e  p re se n c e  o f  a lk y l c o b a l t  com plexes.
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U l t r a v i o l e t - v i s i b l e  S p e c t r a *
S p e c tra  w ere ru n  on a Cary 14- s p e c tro p h o to m e te r .
An a p p ro p r ia te  s o lv e n t ,  u s u a l ly  w a te r  s in c e  m ost o f  th e  
com plexes were w a te r  s o lu b le ,  was s e le c te d .  S to ck  s o lu t io n s  
( 1 0 ’ 2 - 1 0 - 5  M) were p r e p a re d  by  d is s o lv in g  sam ples in  w a te r .  
An 0 .1  ml a l iq u o t  o f  th e  s to c k  s o lu t io n s  was added to  2 .9  nil 
o f  w a te r  in  one o f  two m atched 1 cm s i l i c a  c e l l s .  When i t  
was n e c e s s a ry  to  r e c o r d  u n d e r  an a e ro b ic  c o n d i t io n s ,  th e  c e l l  
was f i t t e d  w ith  a sep tu m . Then th e  s o lv e n t was f lu s h e d  w ith  
n i t r o g e n  u s in g  i n l e t  and o u t l e t  n e e d le s . An a l iq u o t  o f  
a i r - f r e e  compound was added to  th e  c e l l .  The u l t r a v i o l e t -  
v i s i b l e  spectrum  o f  C^H^CoLCH^O)* j_s shown in  F ig u re  4-.
When th e  r e a c t io n s  r e q u ir e d  s e v e ra l  h o u rs  o r  d ay s , 
a S p e c tro n ic  20 was u s e d .  S im ila r  m ethods were u se d  in  
p re p a r in g  th e  sa m p les .
When i t  was d e s i r e d  to  c o n tro l th e  te m p e ra tu re  o f  
th e  r e a c t io n ,  a  T9 W ater B ath m anufactu red  b y  P . M. Tamson 
o f  H o llan d  was u s e d , u s u a l ly  a t  25- 0 .1 0 ° .
P ro to n  M agnetic R esonance S p e c t r a .
The p ro to n  m ag n e tic  reso n an ce  (pm r) s p e c t r a  were 
o b ta in e d  u s in g  a  JEOL JNM-MH 100 n u c le a r  m ag n e tic  re so n a n ce  
s p e c tro m e te r .  The l ig a n d  spectrum  was ta k e n  in  d e u te r a te d  
d im e th y ls u lfo x id e , and  te t r a m e th y ls i l a n e  was u se d  a s  an 
i n t e r n a l  s ta n d a rd . The same s o lv e n t and r e f e r e n c e  was 
u sed  f o r  CoLBr^. A ll  th e  a lk y la t e d  com plexes were ta k e n






F ig u re  4 .  U l t r a v i o l e t - v i s i b l e  Snectrum  o f  
j C ^ C o  (BDMi, 3 pn) (H2 0 ) | 0 1 0 ^ .
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in  D^O; Sodium 2 ,2 -d im e th y l-2 - s i la p e n ta n e -5 - s u lp h o n a te  
was u sed  as  th e  i n t e r n a l  s ta n d a rd . The chem ica l s h i f t s  
a re  r e p o r te d  in  ppm.
M olar a b s o r p t i v i t y  m easurem ents.
M olar a b s o r p t i v i t i e s  w ere d e te rm in ed  u s in g  th e  
Cary 14 sp e c tro p h o to m e te r . Samples were p re p a re d  by  
d is s o lv in g  lO "^  m o la r s o lu t io n s  in  w a te r . The sam ple was 
p la c e d  in  one o f  two m atched c e l l s .  W ater was u sed  as th e  
r e f e r e n c e .  The v i s i b l e  s p e c t r a  were o b se rv ed  betw een 300 to  
600 nm w h ile  th e  u l t r a v i o l e t  s p e c t r a  were o b se rv ed  betw een 
200 to  350 nm. The m o la r a b s o r p t i v i t i e s  a re  found  in  
Table V I, i n  th e  RESULTS AND DISCUSSION s e c t io n .
P re p a ra t io n  o f  BDM1.3pn-.
The l ig a n d  BDM1,3pn was p re p a re d  by  th e  m ethod o f
21S c h ra u z e r , S i b e r t ,  and  W indgassen, e x c e p t t h a t  i n i t i a l l y  
i t  was i s o l a t e d  b y  r o t a r y  e v a p o ra tio n  o f  th e  benzene and 
r e c r y s t a l l i z a t i o n  from  e th a n o l- a c e to n e , fo llo w e d  by  vacuum 
d ry in g . But t h i s  m ethod r e q u ir e d  to o  much tim e to  d ry  and 
p u r i f y  th e  l ig a n d .  A f te r  th e  l ig a n d  was s e p a ra te d  from th e  
b en zen e , i t  was u se d  to  p re p a re  CoLXg com plexes where X=C1” ,
C a lc , (fo u n d ) f o r  C ^ H ^ N ^ :  C, 5 3 .0 0 (3 5 .2 1 ); H, 8 .3 3 (8 .7 5 ) ;
N, 2 3 .3 4 (2 3 .3 4 ) .
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Preparation of Co( BDM1, 3pn) Xg.
The dibrom o com plex was p re p a re d  by  m o d ify in g  th e
14m ethod o f  C o s ta , M e s tro n i ,  and de S av o rg n an i. The l ig a n d  
was p re p a re d  in  s u f f i c i e n t  q u a n t i ty  f o r  a  t h e o r e t i c a l  y i e l d  
o f  70 g (150 m m ole). The crude  l ig a n d , s e p a ra te d  by  
e v a p o ra tin g  th e  b e n z e n e , was d is s o lv e d  in  800 ml o f  a c e to n e .  
CoB^'SHgO (180 mmole, 60 g ) was added, and th e  p ro d u c t  was 
form ed by  b u b b lin g  a i r  th ro u g h  th e  s o lu t io n  f o r  s e v e r a l  
h o u rs .  The p ro d u c t was r e c r y s t a l l i z e d  from  a c e to n e /w a te r  
( 3 0 / 1 , v /v )  and vacuum d r i e d  a t  room te m p e ra tu re .
C0 LCI2  and C0 L I 2  were p re p a re d  from  CoC^'OH^O 
and C o ^ ^ H ^ O  r e s p e c t i v e l y  by  th e  same m ethod as  th e  
dibrom o d e r iv a t iv e .
C a lc , (found) f o r  C^H^gN^OgCoB^: C, 2 8 .8 0 (2 9 .3 3 ) ;
H, 4 .1 4 ( 4 .2 3 ) ;  N, 1 2 .2 0 (1 1 .9 6 ) .  47% y ie ld .
F o r C ^ ^ O g C o C l g :  C, 3 5 -7 9 (3 6 .6 1 ); H, 3 -19
(3 -5 2 ) ;  N, 1 5 -1 8 (1 3 -2 0 ) . 33% y ie ld .
F o r C ^ ^ O g C o I g :  C, 2 3 -9 3 (2 4 .8 8 ) ; H, 3 -47
( 3 .5 4 ) ;  N, 1 0 .1 5 (1 0 .2 7 ) .  49% y ie ld .
The v i s i b l e  sp ec tru m  o f  th e  d iio d o  com plex was 
o b se rv e d  u s in g  th e  C ary  1 4 .
P re p a ra t io n  o f  [co(BDM1 ^ pnX H gO )] (C IO ^ ^ .
[co(BDM1, 3 p n )(H 2 0 )] (C IO ^ ^  was p re p a re d  by  th e  
m ethod o f  C o s ta , e t .  a l . ^ °  The U V -v is ib le  spectrum  o f  t h i s  
com plex was o b se rv e d . The spectrum  in c lu d e d  a b ro a d  b an d
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a t  218 nm and one l e s s  in te n s e  "band a t  3 0 3  nm.
C alc , (fo u n d ) f o r  C ^H ^N ^O ^C oC lg : C, 2 4 .7 6 (2 5 .0 1 ) ;
H, 4 .3 2 (4 .3 1 ) ;  N, 1 0 .5 1 (1 0 .1 6 ) .
To d e te rm in e  th e  spectrum  o f  C o ^T ^H ^O ^* , a 
w a te r s o lu t io n  o f  Co^*^L(H2 0 ) 2 +^ was p re p a re d  in  a c e l l ,  
and a  septum  added . The c e l l  was f lu s h e d  w ith  n i t r o g e n .
When a  drop o f  s a tu r a te d  NaBH^ was added, th e  sam ple tu rn e d  
r e d  ( 5 0 6  nm).
The sam ple was made 1 H in  0H“ by ad d in g  10 M KOH. 
The sam ple tu rn e d  b lu e  and had a b s o rp tio n  b an d s  a t  275»
506, and 650 nm. The r e l a t i v e  peak h e ig h ts  w ere 1 1 :1 :2  
r e s p e c t iv e ly .
P re p a ra t io n  o f  RCo(BDM1 , 3 pn)(H 2 0 ) + com plexes.
The CH^, CgH^, n-C^H^, ja-C^H^ com plexes were
14p re p a re d  by th e  m ethod o f  C o sta , e t .  a l .  The c ru d e  CgH^CHg 
d e r iv a t iv e  was c r y s t a l l i z e d ,  a f t e r  rem oving i n t e r f e r i n g  
h a l id e s  w ith  AgClO^.
E xcess s o l i d  AgClO^ was added to  th e  com plex 
s o lu t io n .  A f te r  sh ak in g  and th en  l e t t i n g  th e  m ix tu re  s i t  
f o r  a p e r io d  o f  t im e , th e  s i l v e r  h a l id e s  (b rom ide and 
c h lo r id e )  were rem oved by f i l t r a t i o n .  A volum e o f  5-10 ml 
o f  1  M HCIO^ was added; brown c r y s t a l s  w ere o b ta in e d  a f t e r  
slow e v a p o ra t io n . A ll sam ples were d r ie d  in  a  vacuum 
d e s ic c a to r  a t  room te m p e ra tu re  b e fo re  a n a ly s i s .
C a lc , (found) f o r  C ^^^N ^O ^C oC l: C, 3 2 .1 5 (3 2 .4 3 ) ;  h* 5*36
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(5 .4 8 ) ;  N, 1 2 .4 8 (1 2 .6 4 ) .
F o r C1 5 E2 5 N4 0 2 CoBF4 : C, 3 7 .6 0 (5 7 .4 9 ) ; H, 5 -7 9 (5 .7 7 ) ;
N, 1 3 .5 5 (1 3 .6 8 ) .
F o r C1 4 H2 8 BCoF4 ir4 0 3 : C, 3 7 .6 8 (3 7 -5 5 ); H, 6 .3 3 ( 6 .1 7 ) ;
N, 1 2 .6 8 (1 2 .2 9 ) .
F or C1 5 H2 8 BCoF4 1T4 02 : C, 4 0 .7 0 (4 1 .0 1 ) ; H, 6 .5 9 ( 6 .7 0 ) ;
N, 12.68(12.56).
F or C1 8 H2 8 C1CoN4 07 : C, 4 2 .7 5 (4 2 .7 5 ); H, 5 -5 3 (5 .4 7 ) ;
N, 1 1 .0 7 (1 1 .0 7 ) .
The m ethod o f  u s in g  s o l id  AgC104  and l a t e r  AgNO  ^ to  
p r e c i p i t a t e  and s e p a r a te  s i l v e r  h a l id e s  im proved c o n s i d e r a b l y  
th e  p u r i t y  o f  a lk y l  com plexes. T h is , a long  w ith  th e  a d d i t io n  
o f  HC1 0 4  and th e  slow  e v a p o ra tio n  p ro c e d u re , c o u ld  im prove 
th e  q u a l i ty  and y i e l d  o f  any o f  th e  com plexes.
P re p a ra t io n  o f  Co(BDM1,3pnBF2 )B r2 .
T h is  com plex was p re p a re d  by th e  m ethod u se d  by  
S ch rau ze r and W indgassen 8 8  to  s y n th e s iz e  CH3 Co(DMGBF2 ) 2 H2 0 . 
Co(BDM1,3pn)Br2  (2 .1 8  mmole, 1 g) was m ixed w ith  75 ml o f  
d ie th y l  e th e r  and an e x c e s s  o f boron t r i f l u o r i d e  d ie th y l  
e th e r  (10 m l, 45^ BF^) was added. The h e te ro g en e o u s  m ix tu re  
was s t i r r e d  f o r  s e v e r a l  h o u rs , and th e  g re y -g re e n  p ro d u c t 
was s e p a ra te d  by f i l t r a t i o n .  The crude p ro d u c t was 
r e c r y s t a l l i z e d  from  a c e to n e /w a te r  ( 3 0 / 1 , v / v ) .
C a lc , (fo u n d ) f o r  C ^ H ^ g B B r^ jC o F ^ ^ ^  C, 2 6 .0 5 (2 6 .3 4 ) ;
H, 3 -5 6 (3 -6 0 ) ; N, 1 1 .0 5 (1 0 .9 8 ) .
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Preparation o f  [cH^CoCBPMI^pnBFgXHgO)] CIO .^
Co(BDM1,3 pnBF2 )B3 ? 2  ( 1 0  mmole, 5*55 g) was added to  
1 0 0  ml o f  aqueous m ethano l ( 1 / 1 0 , v / v ) ,  and th e  s o lu t io n  was 
d e a e ra te d  w ith  n i t r o g e n .  CH^I ( 1 . 1  mmole, 1 .6 0  g) and an 
aqueous s o lu t io n  o f  NaBH^ ( 0 . 5 5  mmole, 1 . 2  g) were added in  
s u c c e s s io n . A d d it io n a l  NaBH^ was added n e x t u n t i l  a l l  th e  
Co(BDM1, ^p n B P g ^rg  d is s o lv e d .  The s o lu t io n  was f i l t e r e d ,  
and ace to n e  was ad d ed . Upon b e in g  c o o le d  to  0 ° ,  a crude 
re d d is h -o ra n g e  s o l i d  s e t t l e d  o u t .  The s o l i d ,  w hich 
c o n ta in e d  I " ,  was p u r i f i e d  b y  d is s o lv in g  i t  in  ace to n e  and 
add ing  an aqueous s o lu t io n  o f  AgClO^. A f te r  f i l t e r i n g  o f f  
th e  s i l v e r  h a l id e s ,  an aqueous s o lu t io n  o f  UaClO^ was 
added. Slow e v a p o ra tio n  y ie ld e d  p u re  re d d is h -o ra n g e  
c r y s t a l s .
C a lc , (fo u n d ) f o r  C1 2 H2 0 BC1 CoF2 N4 .0 7 : C, 3 0 .1 0 (3 0 .1 7 ) ;
H, 4 .8 1 (4 .8 9 ) ;  N, 1 1 .7 0 (1 1 .5 8 ) .
P re p a ra t io n  o f  Some RCo(BDM1,3p p )CN C om plexes.
S e v e ra l RCo(BDM1 , 3 pn)CN (w here R=CH^, CgH^, n-C^H^, 
CgH^CHg) com plexes w ere p re p a re d  by  d is s o lv in g  
RCoL(H2 0 )X (where X=BF^, CIO^) in  aqueous NaCR s o lu t io n s  
(pH 1 3 ) . A y e llo w  s o lu t io n  r e s u l t e d  in s t e a d  o f  th e  
custom ary  o ra n g e - re d  c h a r a c t e r i s t i c  o f  th e  aquo com plex. 
A f te r  b e in g  co o le d  on i c e ,  a  y e llo w  c r y s t a l l i n e  s o l i d  was 
p r e c i p i t a t e d .  The s o l i d  was f i l t e r e d  and vacuum d r ie d  a t  
4 0 -4 8 ° . The v i s i b l e  spectrum  was ta k e n .
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M ethyl com plex. [cH3 Co(BDM1,3pn)(H 2 0)j CIO^
( 0 . 5 2  mmole, 0 . 2 2 2  g) was d is s o lv e d  in  2 0  ml o f  
1 M NaCN-0.1 M NaOH. The s o lu t io n  was f lu s h e d  w ith  n i t r o g e n .  
A y e llo w  c r y s t a l l i n e  s o l i d  im m ed ia te ly  fo rm ed . The s o l id  was 
f i l t e r e d  and vacuum d r ie d  a t  4 8 ° .
C a lc , (fo u n d ) f o r  C^H^CoN^Og C, 4 4 .8 2 (4 4 .5 8 ) ;  H, 6 .61  
( 6 .4 5 ) ;  N, 2 0 .1 1 (1 9 .9 8 ) .
E th y l and b e n z y l com plexes. S o l id  [ c^H^ColJ BF^
(0 .1 1  mmole, 0 .0 4 8  g) and [c6 H5 CH2 CoL(H2 0)] C104  (0 .1 0 3  mmole, 
0 .0 5 2  g) were d is s o lv e d  in  a minimum amount o f  w a te r . A 
volume o f  3 to  4 ml o f  1 .0  M NaCJJT-0.1 M NaOH was added to  
each , and  th e s e  s o lu t io n s  were p la c e d  on i c e .  The y e llo w  
c r y s t a l l i n e  s o l id s  t h a t  form ed were f i l t e r e d  and  washed 
w ith  s l i g h t l y  b a s ic  ic e  w a te r .  These s o l i d s  were vacuum 
d r ie d  in  a h e a te d  (4 0 ° )  d e s ic c a to r  f o r  24 h o u r s .
C a lc , (fo u n d ) f o r  C ^ H ^ C o N ^ : C, 4 3 .1 9 (4 2 .9 1 ) ;  H, 7 .2 0
( 6 .9 1 ) ;  N, 1 7 .9 9 (1 7 .9 3 ) .
F o r C1 9 H2 8 CoN5 0 3 : C, 5 2 .6 6 (5 3 .1 4 ) ;  H, 6 .4 6 (6 .5 1 ) ;
N, 1 6 .1 7 (1 6 .3 7 ) .
n -B u ty l com plex. £n-C^H^CoI^H^O^ C l0^ (0 .4 3  mmole,
0 . 2 0 2  g ) was t r e a t e d  a s  above e x c e p t t h a t  th e  p ro d u c t was 
d r ie d  a t  48° f o r  24 h o u rs .
C a lc , (fo u n d ) f o r  C^gH^gCoN^O^: C, 5 0 -3 0 (5 1 .0 1 ) ; H, 7*62
( 7 . 5 1 ) ;  N, 1 8 .2 6 (1 8 .5 4 ) .  The y i e l d  was 44%.
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P reparation  o f  CH^Co(BDM1,3pn)(SC0H^).
[cH3 C!oL(H2 0 ) ] c i 0 ^  (0 .0 7 3  mmole, 0 .0 3 2  g) was 
d is s o lv e d  in  5 ml o f  w a te r .  To t h i s  s o lu t io n  was added 
2-3 ml o f  a w a te r  (pH 14) b e n z e n e th io l  s o lu t io n .  Red 
c r y s t a l s  form ed when th e  s o lu t io n  was co o led  on i c e .  The 
c r y s t a l s  were f i l t e r e d  and vacuum d r ie d .  The U V -v is ib le  
spectrum  was ta k e n .
C a lc , (fo u n d ) f o r  C ^ g H ^ C o N ^ S : C, 5 1 .1 8 (5 0 .8 1 ) ; H, 6 .4 0
(6 .4 7 ) ;  N, 1 3 .2 7 (1 5 .0 8 ) . The y i e l d  was 43%.
A ttem pted s y n th e s e s .
P ure sam ples o f  i-C^HyCoL(H 2 0 )+ and ^-C^HgCoL(H 2 0 ) + 
co u ld  n o t be  p re p a re d  by  any o f  th e  known p ro c e d u re s .
I t  was d is c o v e re d  w h ile  a t te m p tin g  to  make 
[c6 H5 CH2 CoL(H2 0)] C104  t h a t  in  a  v e ry  b a s ic  s o lu t io n  (pH 13-14) 
an orange c r y s t a l l i n e  s o l i d  would c r y s t a l l i z e  in  th e  
s o lu t io n .  T h is  s o l i d  was th o u g h t to  be (CgH^CH2 ) 2 CoL, b u t  th e  
a n a ly s is  showed th e  sam ple was n o t  p u re .
S t a b i l i t y  o f  RCo(BDM1,3pn)(H2 0 ) + com plexes to  l i g h t .
The v a r io u s  a lk y l  c o b a l t  com plexes were s u b je c te d  to  
d i r e c t  s u n l ig h t  in  o rd e r  to  s tu d y  th e  s t a b i l i t y  o f  th e  
a lk y l  c o b a lt  bond . Under a n a e ro b ic  c o n d it io n s  5-10 mg o f  
s o l id  were d is s o lv e d  in  2 0 - 1 5  ml o f  w a te r  in  a  f l a s k  w ith  a 
septum . The fo rm a tio n  o f  a lk a n e s  a n d /o r  a lk e n e s  (GLPC) 
in d ic a te d  th e  bond was u n s ta b le  to  l i g h t .
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In  th e  ca se  o f  th e  b e n z y l d e r iv a t iv e ,  th e  1 ,2 -  
d ip h e n y le th a n e  p ro d u c t was i d e n t i f i e d  by m ixing th e  r e s u l t a n t  
s o lu t io n  w ith  hexane and th e n  e x t r a c t in g  th e  o rg a n ic  l a y e r .
The u l t r a - v i o l e t  sp ec tru m  o f  th e  hexane s o lu t io n  was com pared 
to  an a u th e n tic  s p e c t r u m .^  No to lu e n e  was d e te c te d  by  GLPC.
The v i s i b l e  sp ec tru m  was s tu d ie d  to  i d e n t i f y  th e  
com plex, Co^^lCHgO)^*
Because o f  th e  p h o to ly t i c  r e a c t io n ,  a l l  p ro c e d u re s  
in v o lv in g  a lk y l  c o b a l t  com plexes were done in  th e  d a rk .
S t a b i l i t y  o f  RCo(BDM1,3pn)(H20)+ com plexes to  h e a t .
Aqueous s to c k  s o lu t io n s  o f  th e  v a r io u s  a lk y l  com plexes 
w ere found to  rem ain  unchanged  when l e f t  a t  room te m p e ra tu re  
f o r  lo n g  p e r io d s  o f  t im e . A n aero b ic  aqueous s o lu t io n s  were 
k e p t a t  65° in  an oven and  m o n ito re d  by GLPC. These s o lu t io n s  
rem ain ed  e s s e n t i a l l y  unchanged  o v e r  s e v e ra l  w eeks.
C a re fu l ly  g round  s o l i d  sam ples in  v i a l s  u n d e r  septum  
(a n a e ro b ic )  were su sp en d ed  in  an o i l  b a th  m a in ta in e d  a t  
20 0 -2 0 6 °. T his m ethod p ro v id e d  in fo rm a tio n  on s t a b i l i t y  to  
h e a t ,  p ro d u c t fo rm a tio n , and r e l a t i v e  r a t e s  o f  r e a c t i o n .  
V is ib le  s p e c tr a  o f  w a te r  s o lu t io n s  o f  th e  s o l id  p ro d u c ts  w ere 
in v e s t ig a te d  to  i d e n t i f y  in o rg a n ic  p ro d u c ts .
S t a b i l i t y  o f  RCo(BBM1, 3 p n )(H 2 0 ) + to  a c id  and b a se .
S e v e ra l d i f f e r e n t  t e s t s  were conducted  to  t e s t  th e  
s t a b i l i t y  o f  RCoL(H2 0 ) + in  a c id  and base s o lu t io n s .  The two
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c o n d itio n s  o f  p r im a ry  i n t e r e s t  were th e  c o n c e n tr a t io n  o f 
a c id  o r  b a s e , and th e  te m p e ra tu re  o f s o lu t io n .  S e v e ra l  
d i f f e r e n t  a c id s  were u se d .
A S p e c tro n ic  20 was u sed  to  m o n ito r  th e  t e s t s .  An 
a p p ro p r ia te  wave le n g th  (m e th y l, 465 nm; e t h y l ,  n -p ro p y l, 
470 nm) was u se d  and th e  abso rbance was fo llo w e d .
A cid t e s t s . The n -p ro p y l d e r iv a t iv e  was d is s o lv e d  
in  0 .01  M, 0 .1  M, and 1 .0  M s o lu t io n s  o f  HCIO^. These 
s o lu t io n s  were p la c e d  in  th e  dark  and m o n ito red  o v e r  44 
h ou rs u s in g  a S p e c tro n ic  20. The 470 nm band i n t e n s i t y  was 
found to  rem ain  th e  same ov er th a t  p e r io d  o f  t im e . These 
s o lu t io n s  were p la c e d  in  an oven a t  5 5 °  f o r  7 0  h o u rs  w ith  
th e  same r e s u l t s .
A naerob ic 1 M HCIO^ s o lu t io n s  o f  th e  m e th y l, e th y l ,  
and m -propyl com plexes were k ep t in  an oven a t  5 2 °  f o r  a t  
l e a s t  7 d ay s . The i n t e n s i t y  o f  th e  465 o r  470 nm band 
rem ained  unchanged .
The n -p ro p y l com plex was found  to  be s t a b l e  in  1 M, 
3 M, and 6  M HC1 s o lu t io n s  a t  55° f o r  a p e r io d  o f  4 d ay s .
N i t r i c  a c id  was a ls o  u sed  w ith  th e  n -p ro p y l 
d e r iv a t iv e .  S o lu t io n s  w ith  an a c id  c o n c e n tr a t io n  up to  3 M 
showed no r e a c t io n  a t  18° up to  41 h o u rs . A s o lu t io n  o f 
th e  com plex w ith  6  M HNO  ^ showed a  s i g n i f i c a n t  d e c re a se  in  
i n t e n s i t y  a t  18° a f t e r  o n ly  5 h o u rs . No a tte m p t was made 
to  i d e n t i f y  th e  p ro d u c ts  o f  t h i s  r e a c t io n .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
47
Samples o f  th e  m eth y l and e th y l  com plexes were 
d is s o lv e d  in  15 ml o f  c a .  3 M H I. These s o lu t io n s  were 
l e f t  in  th e  d ark  a t  room te m p e ra tu re  fo r  s e v e ra l  d ay s . The 
v i s i b l e  s p e c t r a  w ere o b se rv e d  a f t e r  3  weeks; th e r e  was no 
a p p re c ia b le  change.
Base t e s t s . The n -p ro p y l complex was d is s o lv e d  in
0 .1  M and 1 .0  M NaOH s o l u t io n s .  These s o lu t io n s  were k e p t
in  th e  d ark  a t  18° and m o n ito red  u s in g  th e  S p e c tro n ic  20 
f o r  s e v e ra l  d ay s . The i n t e n s i t y  o f  th e  460 nm band d id  n o t 
d ec rease  s i g n i f i c a n t l y  o v e r  a  p e r io d  o f 7 d ay s . These same 
s o lu t io n s  were th e n  p la c e d  in  an oven a t  55° The i n t e n s i t y  
was o b se rv ed  to  d e c re a s e  s i g n i f i c a n t l y  o v er a p e r io d  o f  3  
days.
D u p lic a te  a n a e ro b ic  0 .1  M and 1 .0  M NaOH s o lu t io n s  o f
th e  m e th y l, e t h y l ,  and n -p ro p y l com plexes were p re p a re d  in
S p e c tro n ic  20 c e l l s .  The sam ples were p la c e d  in  an oven a t  
52° f o r  s e v e ra l  d a y s . The a b s o rp tio n  d e c reased  o v er t h a t  
p e r io d  o f  tim e ; th e  0 . 1  M s o lu t io n  ab so rp tio n  d e c re a se d  more 
s lo w ly .
A f te r  th e  c e l l s  were co o led , th e  sam ples were t e s t e d  
(GLPC) f o r  a lk a n e -a lk e n e  fo rm a tio n . H ydrocarbons were 
d e te c te d  w ith  a l l  t h r e e  d e r iv a t iv e s .
[n-C ^CoLC H gO )] 0 ! ° ^  ( 0 . 1 1  mmole, 0 . 0 5 0  g) was 
d is s o lv e d  in  25 ml o f  1 .0  M NaOH. The f l a s k  was capped  w ith  
a septum and f lu s h e d  w ith  n i t r o g e n .  The s o lu t io n  was p la c e d
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in  an oven a t  52° f o r  9 d ay s . The v i s i b l e  spectrum , 
p a r t i c u l a r l y  th e  470 nm a b s o rp t io n , was m o n ito red  d a i ly  by 
Cary 14.
In  a d d itio n  2 -3  d rops o f  1 M HCIO^ was added to  th e  
c e l l ,  and th e  spectrum  ag a in  o b se rv e d . These s p e c tr a  were
. p
com pared to  th a t  o f  CoLCHgO^ . 1 M NaOH was added to  th e
c e l l  o f  th e  l a t t e r  and th e  spectrum  o b se rv e d .
The atm osphere above th e  l i q u i d  in  th e  f la s k  was 
t e s t e d  (GLPC) fo r  a lk a n e s /a lk e n e s .  The s o l i d  t h a t  formed 
was f i l t e r e d  and vacuum d r ie d .
R e a c tio n s  o f  RCo(BI>M1 , 3 pn)(H 2 0 ) + w ith  m e ta l io n s .
S ev e ra l m e ta l io n s  were u se d  in  t e s t i n g  th e  s t a b i l i t y
o f  th e  c a rb o n -c o b a lt  bond in  th e  RCoL(H2 0 ) + com plexes. A lky l
com plexes were added to  a c id ic  s o lu t io n s  o f  th e  m eta l io n s .
The a b s o rp tio n  a t  a s p e c i f i c  wave le n g th  was m onito red  w ith
a  S p e c tro n ic  20. T able IV c o n ta in s  th e  m e ta l io n s  t e s t e d .
The s o lu t io n s  were w eakly a c id ic  t o  keep th e  io n s  in  s o lu t io n .
Of th e  io n s  t e s t e d ,  A l+^ , B i+^ , Sb+^ , and Hg+^
r e a c te d  w ith  th e  n -C ^H ^-cobalt com plex. Of th e se  o n ly  th e  
+2Hg r e a c te d  a t a r a t e  s u i t a b le  f o r  s tu d y . The o th e r  th r e e  
were m o n ito red  w ith  th e  S p e c tro n ic  20 f o r  10 days. T his 
in c lu d e d  se v e ra l days in  th e  oven a t  55° • There was o n ly  a  
m odera te  dec rease  in  ab so rb an ce .
M ercu ry (II)  r e a c te d  w ith  a l l  th e  ROoTC^O)* 
com plexes. This in c lu d e d  n o t o n ly  th e  a lk y l  d e r iv a t iv e s  
b u t  a l s o  th e  benzy l complex and [ch^Co(BDM1 ^pnBPgXH^O)! CIO^.
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The p ro d u c ts  f o r  th e  m ethy l complex were co n firm ed  as 
fo llo w s : The m e lt in g  p o in t  o f  CH^HgCl was 178°; th e
u l t r a v i o l e t - v i s i b l e  spectrum  was com pared to  an a u th e n t ic
0 ) 2 ^ 0 1 0 ^ ) 2 ? th e  r e a c t io n  k i n e t i c s  
were s tu d ie d .  The ex p e rim e n ta l s p e c i f i c a t i o n s  w i l l  be given 
in  th e  k i n e t i c s  s e c t io n .
T ab le  IV: M eta ls  io n s  u sed  f o r  t e s t i n g  th e
S t a b i l i t y  o f  RCo(BDM1,3 pn)H 2 0 + com plexes
Ag+X| Fb+ 2
a i -3 Sb+ 5
B i + 5 Sn+ 2
Cd+ 2 j l+ 4
F e + 2 Zn+ 2
Hg+ 2
R e ac tio n  o f  RCo(BDM1, 3pa) (H2 0 )+ com plexes w ith  cy an id e  io n
in  a b a s ic  s o lu t i o n .
[RCo(BDM1,3pn)(H 2 0 ) ]x  (where R=CH5 , CgH^;
CIO” ) com plexes (0 .1 0  mmole) were d is s o lv e d  in  s e p a ra te  
25 ml s o lu t io n s  o f  1 .0  N NaCN (pH 1 3 ) . The s o lu t io n  f la s k s  
were capped w ith  s e p ta  and f lu s h e d  w ith  n i t r o g e n .  A f te r  th e  
o b s e rv a tio n  o f  th e  u l t r a v i o l e t - v i s i b l e  s p e c t r a  ( 2 5 0 - 7 0 0  nm), 
th e  sam ples w ere p la c e d  in  th e  oven a t  5 2 ° . A f te r  one h o u r, 
and random ly t h e r e a f t e r  f o r  2  d ay s , th e  s p e c t r a  w ere o b se rv ed .
sam ple [Co(BDM1, 3pn)(H 2
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No change o c c u rre d  in  t . ie  s p e c t r a  o f  th e  RCo(BDM1, 3pn)CN 
nor in  th e  p ro to n a te d  form  o v er th e  two d ay s .
S im ila r  sam ples o f  th e  m ethyl and e th y l  d e r iv a t iv e s  
were p re p a re d  and l e f t  in  th e  dark  a t  room te m p e ra tu re  f o r  
s e v e ra l  w eeks. T hese sam ples were m o n ito red  by GLPC and 
Cary 14 . No change o c c u rre d  in  e i t h e r  sam ple .
R e ac tio n  o f  RCo(BDM1, 3p*0(H 2 0 ) + w ith  io d in e .
Samples o f  RCoL(H2 0 )+ (where R-CH^, C ^ ,  n - C ^ )  
were d is s o lv e d  in  s e p a r a te  m ethanol s o lu t io n s  o f  io d in e .  The 
io d in e  ( c a .  2  mmole) was d is s o lv e d  in  2 5  ml o f  m ethano l and 
s o l id  sam ples (lO - ^  m o les) o f  th e  m e th y l, e t h y l ,  and n -p ro p y l 
a lk y l  com plexes w ere added n e a t .  The f l a s k s  were capped  w ith  
s e p ta  and f lu s h e d  w ith  n i t r o g e n .  The s o lu t io n s  w ere allow ed  
to  s i t  in  th e  d a rk  f o r  s e v e r a l  weeks. They were checked  from 
tim e to  tim e f o r  s o l i d  fo rm a tio n . S o lid  g reen  c r y s t a l s  
formed a t  v a ry in g  le n g th s  o f  tim e .
GLPC was u se d  t o  t e s t  f o r  a lk a n e s ; none w ere d e te c te d .  
In  th e  ca se  o f  th e  m ethy l and e th y l  d e r iv a t iv e s ,  th e  a lk y l  
io d id e s  were n o te d  by GLPC. The v i s i b l e  spec trum  o f  th e  
CoLI2  was com pared to  t h a t  o f  an a u th e n t ic  sam ple . In  th e  
case  o f  th e  m ethy l r e a c t i o n ,  th e  CoLI2  was p u r i f i e d  and 
r e c r y s t a l l i z e d  u s in g  a c e to n e -w a te r .
C a lc , (found) f o r  CoLI2 : C, 2 3 * 9 0 (2 4 .2 2 ); ff, 3 * ^ ( 5 .4 7 ) ;
N, 1 0 .1 4 (9 .9 2 ) .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
51
A ttem pted  r e a c t io n s  o f  RCoCBDMI , 3 pn)(H 2 0 ) + w ith  I  , Cl , 
and HS~.
The ^-C^Hi-;CoL(H2 0 ) + d e r iv a t iv e  was d is s o lv e d  in
0 .1  M K al and 0 .1  M NaCl s o lu t io n  in  S p e c tro n ic  20 c e l l s .
These sam ples w ere capped  and p la c e d  in  an oven a t  55° •
The 4-70 nm band was o b se rv e d  w ith  th e  S p e c tro n ic  20 f o r  a 
p e r io d  o f  8  d a y s . No a p p re c ia b le  change in  th e  ab so rb an ce  
o c c u rred  o v e r t h a t  p e r io d  o f  tim e .
[cH 5 CoL(H2 0 ) ] c i 0 4  ( 0 . 1 2 3  mmole, 0 . 0 5 5 6  g) was 
d is s o lv e d  in  20 ml o f  1 .0  M NaHS (pH 1 0 ) . T h is  s o lu t io n  was 
l e f t  in  th e  d a rk  s e v e r a l  d ay s . The v i s i b l e  sp ec tru m  o f  th e  
so lu t^ p n  was d i f f e r e n t  from  t h a t  o f  th e  o r i g i n a l  com plex. 
Adding s e v e ra l  d ro p s  o f  1  M HCIO^ to  th e  c e l l  c a u se d  th e  
o r ig in a l  sp ec tru m  o f  CH^CoI^^O)"4" to  r e a p p e a r .  T h is  l a t t e r  
spectrum  rem ain ed  w ith o u t change fo r  s e v e r a l  d a y s .
[ c 2 H ^C ol]b f^  (0 .0 6  mmole, 0 . 0 2 7  g ) was s u b je c te d  to  
th e  same c o n d i t io n s  a s  th e  m ethyl d e r iv a t iv e ;  th e  r e s u l t s  
were th e  same.
The e th y l  com plex (0 .1 2  mmole, 0.054- g) was added to  
(2 .6  mmole, 0.14-7 g ) o f  NaHS and d is s o lv e d  in  25 ml o f  w a te r . 
The f l a s k  was capped  and f lu s h e d  w ith  n i t r o g e n .  A f te r  th e  
v i s i b l e  spectrum  was n o te d , th e  sample was p la c e d  in  th e  oven 
a t  52°. Over s e v e r a l  days 0 .1  ml a l iq u o ts  w ere m ixed 
w ith  2 .9  ml o f  w a te r  in  a  sp e c tro m e te r  c e l l .  The v i s i b l e  
spectrum  o f  th e  s o lu t io n s  was observed  b e fo re  and a f t e r  
adding s e v e r a l  d ro p s  o f  1 H HCIO^. The v i s i b l e  sp ec tru m  was 
th e  same as b e fo re  (ab o v e) and th e  p ro to n a te d  s p e c ie s  spectrum
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was i d e n t i c a l  to  t h a t  o f  [(yi^CoLCEy})] CIO^.
K in e t ic s  o f  th e  d e a lk y la t io n  o f  RCo(BDM1 , 3 p n )(H 2 0 ) + com plexes 
by th e  M e rc u ry (I l)  e l e c t r o p h i l e .
The r e a c t io n  r a t e s  were fo llo w ed  s p e c tro p h o to m e tr ic a l ly  
a t  460 nm (R=CH^) o r  a t  480 nm ( o th e r  R) u s in g  a Cary 14 
sp e c tro p h o to m e te r  a t  2 5 ° .  The abso rbance was o b se rv ed  th ro u g h  
a t  l e a s t  th r e e  h a l f - l i v e s ;  th e n  an i n f i n i t y  v a lu e  was ta k e n  
when th e  r e a c t io n  was e s s e n t i a l l y  o v e r . The m o lar a b s o r p t i v i t y
p
dropped from  an ap p ro x im ate  2 . 2  x  1 0  v a lu e  f o r  th e  r e a c ta n t s  
to  n e a r ly  zero  f o r  CoLCHUp)^.
D u p lic a te  sam ples were p re p a re d  b y  ad d in g  0 .1  ml o f  
th e  p r e v io u s ly  d e s c r ib e d  a lk y l  s to c k  s o lu t io n s  to  2 . 9  nil o f  
th e  m e rc u ry ( I l )  io n  s o lu t io n .  I n i t i a l l y  th e  r a t e s  were 
s tu d ie d  u s in g  a 0 .1  M m e rc u ry ( I I )  a c e ta te  s o lu t io n  b u f fe re d  
w ith  a 0 .1  M NaC^H^O^-O.I M HC^H^O^ a c id  s o lu t io n .  T his 
system  was abandoned b ecau se  th e  r e a c t io n  r a t e s  were to o  
slow  to  m easure . F in a l l y  th e  m e rc u ry ( I I )  io n  s o lu t io n  was a 
1 . 0  H HCIO^ s o lu t io n  c o n ta in in g  a  HgCClO^)^ c o n c e n tr a t io n  
ra n g in g  from  0 .0 1  M to  0 .4  M. The io n ic  s t r e n g th  o f  th e  
s o lu t io n s  was m a in ta in e d  a t  2 . 2  by  ad d in g  N adO ^ when 
n e c e s s a ry .
The d a ta  was an a ly zed  u s in g  a l e a s t - s q u a r e s  com puter 
p rogram . The program  tra n s fo rm s  A-A©o v a lu e s  in to  n a tu r a l  
lo g a r i th m s . Then th e  n a tu r a l  lo g a r ith m s  were p lo t t e d  as  th e  
dependen t v a r i a b le .  T h is  r e g r e s s io n  a n a ly s i s  p ro d u ced  k ^
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v a lu e s . When a s i m i l a r  a n a ly s i s  was perfo rm ed  w ith  k 
v e rsu s  th e  c o n c e n tr a t io n  o f  th e  m e rc u ry ( II )  io n ,  th e  k 2  
v a lu e s  w ere o b ta in e d . The c o r r e la t io n  c o e f f i c i e n t s  f o r  
th e s e  c a lc u l a t i o n s  g e n e r a l ly  v a r ie d  from 0 . 9 9 8  to  1 . 0 0 0 .
D ata a re  g iv en  in  APPENDIX I .
The r e a c t io n  r a t e s  o f  th e  d e a lk y la t io n  o f  th e  
fo llo w in g  com plexes w ere s tu d ie d  u s in g  th e  same c o n d i t io n s  
and t r e a t i n g  th e  d a ta  th e  same way.
[cH^CoCBDMI, 3pnBP2 )(H 2 0)]C 10 4
[c2 H5 Co(BDMen)(H2 0)] BF^
e c o ( d m g ) 2 ( c 2 h 5 )
NOTE: THE SOLID PRODUCT IN THE FOLLOWING IS EXPLOSIVE.
A ttem p ts  w ere made to  s tu d y  th e  r e a c t io n  r a t e s  o f  
s e v e ra l  R C o(Sal2 en ) com plexes ? ^ 5 A lso a lk y la te d  com plexes 
w ith  ana logous l ig a n d s  w ere t e s t e d .  No v a l id  a b s o rp t io n  d a ta  
cou ld  be o b ta in e d  b e c a u se  an in s o lu b le  compound was fo rm ed .
The r e a c t io n  was s tu d ie d  b o th  a e r o b ic a l ly  and a n a e r o b ic a l ly  
( n i t r o g e n ,  h e l iu m ) . The m ethano l c o n c e n tra t io n  was 
in c re a s e d  from  1 0  to  80% in  an a ttem p t to  keep th e  s o l i d  in  
s o lu t io n .  The hydrogen  io n  c o n c e n tra t io n  was a ls o  d e c re a se d . 
None o f  th e  above v a r i a t i o n s  h e lp e d . In  an a t te m p t to  
i d e n t i f y  th e  s o l i d ,  C2 H ^Co(Sal2 en) (0 .5 5  mmoles, 0 .2 0 0  g) was 
mixed w ith  33 ml o f  a 0 .4  M Hg(Cl0 4 ) 2 - 1 .0  M HCIO^ s o lu t io n .
A volume o f  7 ml o f  m e th an o l was added to  d is s o lv e  th e  com plex.
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The ye How -brown s o l i d  t h a t  formed was f i l t e r e d  and vacuum 
d r ie d .  As th e  s o l i d  was b e in g  sc ra p e d  from th e  f u n n e l ,  i t  
EXPLODED VIOLENTLY.
No f u r t h e r  a t te m p ts  u s in g  p e r c h lo r a te s  to  i d e n t i f y  
th e  s o l i d  were m ade. H gC ^ was u se d  b u t w ith  no s u c c e s s .
The a n a l y t i c a l  r e s u l t s  were u n s a t i s f a c to r y .
R e ac tio n  o f  CgHcCoCSa^en) w ith  sodium cy an id e  u n d e r b a s ic  
c o n d i t io n s .
Two sam p les o f  0 2 ^ 0 0 ( S a ^ e n )  (0 .2 4  mmoles, 0 .0 8  g) 
were d is s o lv e d  in  20 ml o f  CH^OH (0 .1  M in  NaOH). The 
v i s i b l e  sp ec tru m  was o b serv ed  b e fo re  and f i v e  m in u te s  a f t e r  
(2 .4  mmoles, 0 .1 2  g) NaCN were added . The f l a s k s  w ere capped 
w ith  ru b b e r  s e p ta .  One sample was purged  w ith  n i t r o g e n ;  th e  
o th e r  w ith  oxygen.
The s o lu t io n s  were l e f t  in  th e  d ark  o v e r  a  p e r io d  o f 
2 w eeks. The sam p les were o b serv ed  (GLPC) f o r  a lk a n e /  
a lk en e  p ro d u c ts .  The v i s i b l e  s p e c t r a  o f  th e  s o lu t io n s  were 
o b se rv ed  u s in g  th e  C ary  14.
P h o to ly s is  t e s t  o f  C2 H rC o(Sal2 en) w ith  sodium  c y a n id e  under
b a s ic  c o n d i t io n s .
S e v e ra l d i f f e r e n t  s o lu t io n s  were p re p a re d  f o r  th e
p h o to ly s is  t e s t s  o f  C2 H^Co(Sal2 e n ) . The s o lv e n t  u se d  was
CH,0H. In  some c a s e s  th e  s o lv e n t was 0 .1  M in  NaOH. Some o
c o n ta in e d  NaCN. Some w ere made a n a e ro b ic ; o th e r s  w ere n o t .
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A tu n g s te n  f i la m e n t  lamp was u sed  in  some; o th e r s  were l e f t  
in  th e  d a rk . T able V c o n ta in s  th e  v a r io u s  r e a c t io n  
c o n d i t io n s .  The v i s i b l e  s p e c t r a  were o b se rv ed  w ith  th e  
Cary 14 .
R e ac tio n  o f  C ^ S H  w ith  (H0)Coi:EI(S a l 2 en)H 2 0.
(H 0)C o(Sal2 en)H20 (0 .2 8  mmole, 0 .1  g) i n  20 ml 
CH^ OH and n i t r o g e n  was p a sse d  th ro u g h  th e  f l a s k  f o r  s e v e ra l  
m in u te s . A second  sam ple was p re p a re d  th e  same way ex cep t 
t h a t  th e  CH,0H was 0 .1  M in  NaOH. The v i s i b l e  spectrum  was 
o b se rv ed ; th e n  (1 .61  mmole, 0 . 1 2  m l) C2 H^SH was added.
A f te r  f iv e  m in u tes  th e  spectrum  was ag a in  o b se rv e d . The 
sam ples were k e p t a t  room te m p e ra tu re  and th e  spec trum  
o b se rv ed  f o r  a  p e r io d  o f  24 h o u rs .
The sam ples were th e n  p la c e d  in  an oven a t  52°.
A f te r  s e v e r a l  h o u rs  th e  v i s i b l e  spectrum  was a g a in  o b se rv e d .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
T a b le  V: E x p erim en ta l C o n d itio n s  o f  P h o to ly s is
T e s ts  o f  C2 H^Co(Sal2 en)




4 P re s e n t Yes P re s e n t Yes
5 P re s e n t No P re s e n t Yes
6 Yes P re s e n t Yes
7° P re s e n t Yes P re s e n t No
a . C o n tro l sample
b . From NaCN t e s t
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RESULTS AND DISCUSSION
S y n th e s is  and C h a r a c te r i z a t io n .
S y n th e s is . S e v e ra l  RCo(BDM'l, 3 pn)H 2 0 + com plexes 
(where R=CH^, C2 H^, n-C^H^, n-C^H^, C^HjAJEL,) were p re p a re d  
by  known m ethods. [ch^Co(BDM1  , 3 pnBF2 )(H 2 0 )J CIO^ was 
s y n th e s iz e d  by a m ethod s im i la r  to  t h a t  u sed  to  p re p a re  
CH^Co(DMGB?2 ) 2 H2 0 . 6 7
The problem  o f  p u r i t y ,  b ecau se  o f  h a l id e  con tam i­
n a n ts ,  was f i n a l l y  s o lv e d . Because th e  h a l id e  io n s  a re  
good c o o rd in a tin g  a g e n ts ,  th e y  seemed to  i n t e r f e r e  w ith  
c r y s t a l l i z a t i o n  even when e i t h e r  BF^ o r CIO^ was u se d  as 
th e  a n io n . AgClO^ was added to  th e  r e a c t io n  s o lu t io n  a f t e r  
th e  a lk y l  h a l id e ,  to  p r e c i p i t a t e  th e  h a l id e s  as  AgX 
(X=C1~, Br“ ) .  A f te r  f i l t r a t i o n ,  e i t h e r  HCIO^ o r  NaClO^ was 
added , and th e  com plex a llo w ed  to  c r y s t a l l i z e  as  th e  w a te r  
s lo w ly  e v a p o ra te d .
T h is method was u se d  f o r  b o th  [CgH^CH2 Co(BDr'I1, 3 p n )- 
(H20 ) ] c i 0 4 and [cH^CoCBDMI, 3pnBF2) (HgO)] C104 . C arbon, 
hydrogen , and n i t r o g e n  a n a ly s e s  in d ic a te d  t h a t  v e ry  p u re  
sam ples co u ld  be o b ta in e d  by t h i s  m ethod.
In  th e  c a se  o f  £cH^Co(BDM1,3pnBF2 )(H 2 0)j CIO^, i t  was 
n e c e s s a ry  to  make an in te r m e d ia te ,  as shown below .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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( c2h5 ) 2 obf3
Co (BDM1, 3pn)B r 2 ------------ »  Co(BDM1, 3pnBF2 )B r 2  (52)
i  ( c2h5 ) 2 o I I
1. CH3I ,  NaBH4
I I  2. AgC104 , f i l t e r
T  NaClO^ [cH5Co(BDM1, 3pnBF2) (H^ o )] CIO^ (53)
I I I
The s ix  com plexes m entioned above were -used in  v a r io u s  
ways to  s tu d y  th e  s t a b i l i t y  o f  th e  c a rb o n -c o b a l t  bond in  
o r g a n o c o b a l t ( I I I )  com plexes c o n ta in in g  BDM1,3pn.
RCo(BDM1, 3pn)ClT com plexes (RsCH^, CgH^, 
n-C^H^) were s y n th e s iz e d .  These compounds w ere made by 
d is s o lv in g  th e  [rCoLH2 o ]x  (X=BF4 , C104 ) in  a  w a te r  s o lu t io n  
o f  KCN (pH 1 3 ) . When th e  s o lu t io n  was co o led  on i c e ,  
c r y s t a l s  form ed. These were f i l t e r e d  and th e n  vacuum d r ie d  
a t  4-0°.
A b so rp tio n  S p e c t r a . The a b s o rp tio n  s p e c t r a  (200-
500 nm) o f  a l l  th e  [ r Co (BDM1 , 3pn) (HgO)] X (w here X=C10“ ,
BF^) were re c o rd e d . In  a d d i t io n  th e  m olar a b s o r p t i v i t y  fo r
a l l  th e  bands in  t h i s  r e g io n  were m easured (T a b le  Y I) . The
v a lu e s  f o r  RsCH^., C2 H3  ag ree  w ith  th o se  r e p o r te d  by C o sta  
14and cow orkers. In  a d d i t io n ,  th e  spectrum  o f  
[cH3 Co(BDr/[1,3pnBF2 )(H 2 0)] C104  was s tu d ie d .
The a b s o rp tio n  s p e c t r a  o f th e  RCoL(H2 0 ) + com plexes 
each c o n ta in  fo u r  bands a t  270, 325? 400 , and 470 nm. (T ableV I)









T ab le  V I. M olar A b s o r p t iv i t i e s
W avelength o f  A b so rp tio n  B ands, in  n an o m ete rs , and 
M olar A b s o r p t iv i t i e s ,  £  , in  p a re n th e s e s
Compound
CH^CoL(H2 0 ) ] C104 •H20 460(2119)
C ^ C o IijB F ^ 470(2387)
n-C 3 H7 CoL(H2 0 )J BF^ 475(2335)
n-C^H9 CoL]BF4 473(2195)
C6 H5 CH2 CoL(H2 0)] C104 483(1519)






410(1498) 3 2 5 ( 2 6 6 1 ) 275(4537)






F o r th e  a l k y l  com plexes th e  s p e c t r a  a re  q u i te  s i m i l a r .
The two e x c e p tio n s  a re  th o s e  o f  th e  b enzy l d e r iv a t iv e  and 
th e  m ethyl com plex w ith  -BEg- in  th e  e q u a to r ia l  l ig a n d .
W hile th e  spec trum  o f  th e  b enzy l (F ig . 5 ) com plex 
does c o n ta in  fo u r  b an d s , th e  £  f o r  th o se  around 400 and 470 nm 
a re  r e v e r s e d  in  i n t e n s i t y .  A nother d i f f e r e n c e  i s  t h a t  th e  
band a t  2 8 3  nni i s  a  d e f i n i t e  peak , w ith  t h a t  a t  260 nm o n ly  a  
sh o u ld e r .
The -B Fg- d e r iv a t iv e  (F ig . 6 ) h as  th r e e  d i s t i n c t  
bands in  t h i s  r e g io n .  The bands a t  400 and 458 nm (398 and 
460 nm f o r  th e  no rm al m e th y l)  a re  s im i la r  in  p o s i t i o n  and 
i n t e n s i t y .  The norm al m ethy l complex has a  s h o u ld e r  a t  
3 2 5  nm, w h ile  t h e r e  i s  a peak  a t  3 5 0  nm in  th e  -B Fg- d e r iv a ­
t i v e .  There i s  a l s o  a  h ig h  i n t e n s i t y  band a t  250 nm.
A ttem p ts have been  made, w ith  analogous o rg a n o c o b a lt-
( I I I )  com plexes, t o  a s s ig n  th e s e  bands to  t r a n s i t i o n s
72 75 74 75r e l a t i v e  to  a p s e u d o -o c ta h e d ra l  env ironm ent.
P se u d o -o c ta h e d ra l in  t h i s  c a se  in d ic a te s  t h a t  th e  o c ta h e d r a l  
s t r u c t u r e  i s  t e t r a g o n a l l y  d i s t o r t e d .  In  a  s t r i c t l y  o c ta h e d ra l  
s t r u c t u r e ,  th e r e  a re  2 d -d  t r a n s i t i o n s  (F ig . 7 ) -  B ut 
d e c re a s in g  th e  sym m etry cau se s  a s p l i t t i n g  o f  th e  T^g s t a t e  
and th r e e  t r a n s i t i o n s  would be seen .
In  th e  [rCo(BDM1 , 3 pn)H 2 o]x  complex th e r e  a re  th r e e  
a b s o rp tio n s  in  th e  v i s i b l e  s p e c t r a .  These c o rre sp o n d  in  
e n e rg ie s  to  th o s e  o f  o th e r  o rg a n o c o b a l t ( I I I )  com plex system s 
t h a t  have been s tu d i e d .




200 250 350300 500
W avaleng th , nm
F ig u re  5- U l t r a v i o l e t - v i s i b l e  Spectrum  o f  
[C6 H5 CH2 Co(BDM1 , 3 pn)(H 2 0 )T CIO^.









W aveleng th , nn
F ig u re  6 . U l t r a v i o l e t - v i s i b l e  Spectrum  o f  
[CH^CoCBDMI , 5 pnBF2) (H2 0)J CIO^.











~  A1 g
T e tra g o n a l ly
D is to r te d
O c ta h e d ra l
O W
F ig u re  7- C o r r e la t io n  d iagram  o f  l i g a n d - f i e l d  s t a t e s  o f  
c o b a l t ( I I I )  com plexes.
The main p roblem  th e n  in  making a  com parison  i s  w ith  
th e  m eta l ion  en v iro n m en t. The o r g a n o c o b a l t ( I I I )  com plexes 
c o n ta in  an a lk y l - c o b a l t  bond t h a t  i s  h ig h ly  c o v a le n t ,  w hich 
i s  d i f f e r e n t  from  a c r y s t a l  f i e l d  p o in t  ch a rg e  m odel. 
S econd ly  becau se  th e  l ig a n d s  a re  n o n e q u iv a le n t, th e  
symmetry i s  low er th a n
I t  does ap p ear t h a t  th e  3 (325* 400, 4-70 nm) v i s i b l e  
a b s o rp tio n s  can be r e l a t e d  to  d -d  t r a n s i t i o n s ,  w h ile  th e  
h ig h  i n t e n s i t y  band around  280 nm may be a Co-C ch a rg e  t r a n s ­
f e r  bond. V arian ce  in  s p e c t r a  w ith  th e  d i f f e r e n t  a lk y l  
g roups c e r t a i n l y  i n d ic a t e s  t h a t  th e s e  a b s o rp tio n s  a re  r e l a t e d  
to  th e  a lk y l c o b a l t  bond.
The pmr s p e c t r a  o f  a l l  th e  RCoLCHgO)* com plexes were 
run  in  D^O (T ab le  V I I ) .  F o r th e  most p a r t  th e  s p e c t r a  were









T a b l e  V I I .  P r o t o n  M a g n e t i c  R e s o n a n c e  D a t a c
Compound
CH^Co(BDM1, 3pn)(HgO)'
C H jC oC ED M I, 3 p n B F 2 )(H g O )
CH^Co(BDM1, 3pn)CN
Chem ical S h i f t ,  ppm 
( I n te g r a te d  a re a )
M u l t i p l i c i t y 3 A ssignm ent
3 .8 3 W b n -c h 2
2 .4 3 ( 6 ) s C-N=C-CH,C3
2 . 3 2 ( 6 ) s 0-N=C-CH,c3
2 . 1 1 ( 2 ) m C-CH2-C
0 .8 4 (3 ) s CH-,Co3
+ 3-76 (4 ) b N-CH2
2 .4 2 ( 6 ) s C-N=C-CH,3
2 .3 4 ( 6 ) s 0-N=C-CH,3
2 . 1 2 ( 2 ) m c- ch2- c
1 .0 6 (3) s CELCo3
3 .90 W b n -c h 2
2 .2 7 ( 6 ) s C-IfcC-CH,3
2 .1 8 ( 6 ) s 0-N=C-CH,3
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Compound Chem ical S h i f t ,  ppm
( I n te g r a te d  a re a )
M u l t ip l ic i ty ^ Assignm ent
n-C 4 H9 Co(BDM1,3pn)(H 2 0 ) + 3-54  (4 ) b n -c h 2
2 .1 8  ( 6 ) s C-K=C-CH,3
2 . 0 0  ( 6 ) d O-U-C-CH,3
1 .9 0  -  2 .4 2  (2 ) b -C-CH2 -C -
1 .1 0  -  1 .5 2  (4 ) b -CH2 -CH2-
0 . 7 8  (5) m CHjCHg
C6 H5 CH2 Co(BDM1, 3pn) (H2 0 ) + 6 . 8 6  (5 ) b a ro m a tic
3 .8 0  (4 ) b -N-CH2
2 .2 4  -  2 .4 0  (4 ) b c- ch2- c
CH2 Co
2 .2 4  ( 6 ) s C-N=C-CH,3
2 . 1 2  ( 6 ) s 0-N=C-CH,3
a . S o lv e n t ,  I>2 0; i n t e r n a l  s ta n d a rd , sodium 2 , 2 -d im e th y l-2 -s i la p e n ta n e -5 -s u lfp h o n a te (D S S ) .
b .  M u l t ip l i c i ty :  b ,  b ro ad ; d , d o u b le t;  m, m u l t ip l e t ;  s ,  s i n g l e t ;  t ,  t r i p l e t .
c .  Based on assig n m en ts  in  R efe ren ce  29.
cr>
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s u f f i c i e n t  to  c h a r a c te r iz e  th e  com plexes. Some s p e c t r a  were 
o f  p o o re r  q u a l i ty  and p ro v id e d  o n ly  p a r t i a l  in fo rm a tio n .
c.
Dodd and Johnson-' r e p o r te d  t h a t  th e  chem ical s h i f t s  
o f  th e  o rg a n ic  group may h e  d ep en d en t on p o s s ib le  " f in g  
c u r r e n ts "  in  th e  e q u a to r ia l  l ig a n d  as w e ll  as th e  c o b a lt  
m e ta l .  W ith o rg an o co b a lt com plexes c o n ta in in g  known a ro m a tic  
rings® ^ th e  chem ical s h i f t s ,  p a r t i c u l a r l y  o f  th e  p ro to n s  on 
f i -  a n d T -  ca rb o n s , a re  more d ra m a tic .  T h is  does n o t seem to  
be th e  c a se  w ith  th e  BDM1, 3pn com plexes a s  th e  chem ical 
s h i f t s  a r e  more in  l i n e  w ith  DMG com plexes which do n o t have 
a  p seu d o aro m atic  r in g  sy stem .
The spectrum  o f  BDM1,3pnH (F ig .  8 ) cou ld  n o t be
c o m p le te ly  in t e r p r e t e d .  O nly th e  O f (1 .8 5  ppm) J3 (1.91 ppm)
m eth y l p ro to n s  (See F ig .  5? INTRODUCTION) cou ld  be i d e n t i f i e d .
These chem ical s h i f t s  a re  c o n s i s t e n t  w ith  th o se  found in  
29BDMenH. '  The p ro to n s  in  th e  1 ,3  p ro p y le n e  b r id g e  cou ld  n o t 
be i d e n t i f i e d .
The pmr spectrum  o f  th e  m e th y l c o b a l t  complex, 
CH^CoL(H2 0 ) + has been p r e v io u s ly  c h a r a c t e r i z e d . ^ ’^5 Th.e
ch em ica l s h i f t  o f  th e  CH^Co group  a t  O .S4 ppm (F ig . 9) 
a g re e s  fa v o ra b ly  w ith  v a lu e s  o f  0 .8 3  and 0 .51  ppm. The 0C- 
and J3 -CH^ groups show s i m i l a r  ch em ica l s h i f t s ,  a s  do th e  
b r id g e  p ro to n s . When th e  a x i a l  w a te r  was re p la c e d  by a ClT" 
io n  ( F ig .  1 0 ) , th e  chem ica l s h i f t  o f  th e  CH^Co group was 
changed  o n ly  0 .0 6  ppm in d ic a t in g  t h a t  a t  l e a s t  w ith  ON” 
th e r e  i s  l i t t l e  change in  th e  e l e c t r o n  d e n s i ty  o f  th e  syfetem.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
C hem ical s h i f t ,  ppm 
F ig u re  8 . Pmr Spectrum  o f  BDM1,3pn.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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W ith th e  [0H5 Go(BDM1,3pnBP2 )(H 2 0)] 010^ (F ig . 11) th e  
chem ical s h i f t s  a re  s im i l a r  f o r  th e  same p ro to n s  a s  p r e v io u s ly  
r e p o r t e d . ^  The CH^Co g ro u p s compare 1 .06  to  1 .0 9  ppm 
chem ical s h i f t .
The pmr o f  [cH^CoCBDMenXH^O)] BF^ i s  r e p o r te d .  A ll 
chem ical s h i f t s  a r e  s i m i l a r  and in d ic a te  t h a t  l i k e  th e  o th e r  
CH^Co com plexes, i t  does c o n ta in  an a lk y l c o b a l t  bond.
O th er o rg a n o c o b a lt  BDM1,3pn com plexes w ere s tu d ie d .  
P ro ton  m agnetic  re so n a n c e  s p e c t r a  o f  th e  n-C^Hr,,
n-C^Hg, and C^H^CH^-cobalt com plexes are  r e p o r te d  h e re  
(F ig . 1 3 -1 5 ) .
The spectrum  o f  th e  com plex, w ith  r e s p e c t  to
th e  CH^CH^Co g ro u p , i s  s im i la r  to  p re v io u s ly  r e p o r te d  
s p e c tr a  f o r  C ^ ^ C o ^ M G ^  and C ^ ^ R h tS a ^ e n ^ y .  ^  The CH  ^
o f th e  G^H^Co a p p e a rs  a s  a  t r i p l e t  a t  0 .0 3  ppm. The 
m ethylene p ro to n s  n e x t to  th e  c o b a l t  a re  i n t e r f e r e d  w ith  by 
th e  m iddle b r id g e  m e th y len e  p ro to n s ,  b u t seem to  show as a 
p o s s ib le  q u a r t e t  a t  1 .9 6  ppm. The o th e r  l ig a n d  p ro to n s  
appear to  be a t  s im i l a r  chem ica l s h i f t s  a s  in  th e  m ethy l 
com plexes.
The s p e c t r a  o f  th e  and n-C^H^ com plexes a re
more c o m p lic a te d  and n o t  e a s i l y  in t e r p r e t e d .  In  b o th  c a se s  
th e re  i s  no s e p a r a t io n  betw een th e  CH  ^ ( a lk y l )  group and 
th e  m ethy lene group n e x t  t o  i t .  The o th e r  a lk y l  p ro to n s  a re  
aga in  m ixed w ith  th e  m id d le  m ethy lene p ro to n s  o f  th e  b r id g e  
in  th e  l ig a n d .
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C h e m i c a l  s h i f t ,  ppm  
F i g u r e  1 4 .  Pm r S p e c t r u m  o f  t h e  ja-C^H^CoCBDM I, 3p n )  ( E ^ O )*  i o n .
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C h e m i c a l  s h i f t ,  ppm  
F i g u r e  "1 5 - R&r S p e c t r u m  o f  t h e  n -C ^ H gC o(B D M 1 , 3p n ) ( I ^ O ) *  i o n .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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The b e n z y l d e r iv a t iv e  was n o t v e ry  s o lu b le  in  D2 O.
T his made a s s ig n m e n ts  even more d i f f i c u l t .  The chem ica l
30 35s h i f t  o f  th e  a ro m a tic  p ro to n s  ag reed  w ith  p r e v io u s  d a ta .
The CSC -  a n d /?  -m e th y l g roups o f th e  l ig a n d  c o u ld  c l e a r l y  be 
seen  a t  2 .1 2  and 2 .2 4  ppm.
In  c o n c lu s io n  th e  s p e c tr a  o f  th e  RCoLC^O)* com plexes 
a re  c o n s i s t e n t  w ith  p r e v io u s ly  r e p o r te d  work on s im i l a r  
o r g a n o t r a n s i t io n  m e ta l com plexes. F u r th e r ,  i t  i s  concluded  
t h a t  th e r e  i s  an a lk y l- c o b a l t  bond in  th e s e  com plexes.
R e a c tio n s  o f  th e  RCo(BDM1,3 pn)(H 2 0 ) + io n  com plexes.
The r e a c t io n  c h e m is try  o f  a  s e r i e s  o f  RCoLCHgO)* 
com plexes was s tu d i e d .  Of p rim ary  i n t e r e s t  w ere th o se  
r e a c t io n s  t h a t  in v o lv e d  th e  c leav a g e  o f  th e  c o b a l t - c a rb o n  
bond. V a rio u s  r e a c t io n  c o n d itio n s  were u sed  t o  d e te rm in e  i f  
c le a v a g e  o c c u rre d ; th e s e  a re  o u t l in e d  in  F ig u re  16 .
C leavage o c c u rre d  w ith  v a r io u s  r e a c t io n  c o n d i t io n s .  
Both h e a t  and l i g h t  c au sed  th e  b re a k in g  o f  th e  c o b a lt-c a rb o n  
bond. E le c t r o p h i le s  a ls o  were found to  c a u se  c le a v a g e . And 
th e  c o b a l t - c a rb o n  bond was broken a t  a h ig h  pH and 
accom panying h ig h  te m p e ra tu re .
No c le a v a g e  o c c u rre d  under th e  c o n d i t io n s  o f  low  pH 
a t  te m p e ra tu re s  up to  5 0°, h ig h  pH a t  room te m p e ra tu r e ,  o r  
in  th e  p re se n c e  o f  C l“ and I "  io n s . The n u c le o p h i le s  CN“ , 
SCgH^, and HS” w ere found  to  o n ly  s u b s t i t u t e  a x i a l  to  th e  
a lk y l  g ro u p .
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C leavage o f  th e  c o b a l t - a lk y l  bond co u ld  o cc u r  by 
hom oly tic  o r  h e t e r o l y t i c  p ro c e s s e s . H om olytic c leav ag e  
le a d s  t o  th e  fo rm a tio n  o f  an a lk y l  r a d i c a l  and a  c o b a l t ( I I )  
s p e c ie s  (Eqn. 5 4 ) .
R C o(C hel)—» R . + Coi;C(C hel) (54)
The r a d i c a l  (R*) may r e a c t  b y  one o f s e v e r a l  r o u te s ;  i t  can
add H to  form  RH, d im e riz e  to  RR, o r lo s e  H to  form  an a lk en e
(Eqn. 5 5 -5 7 ).
R « JL rh (55)
2R- RR (56)
R* -*C=C + H (57).
When a  carbonium  io n  (R+) i s  th e  in te rm e d ia te ,  a Co^ 
in o rg a n ic  p ro d u c t r e s u l t s ;  an in te rm e d ia te  (R ) le a v e s  a 
C o ^ ^  in o rg a n ic  p ro d u c t (Eqn* 58-59)•
RCo(Chel) — R+ + CoI (C hel) (58)
RCo(Chel) — R~ + CoIi:C(C hel) (59)
H om olytic c leav ag e  in  RCo(BDM1 , 3 pn)(H 2 0 ) + com plexes by 
p y r o ly s is  and p h o t o ly s i s .
The s o l i d  s t a t e  a n a e ro b ic  p y r o ly s i s  o f  s e v e ra l  
RCoL(H2 0 ) + com plexes (R=CH^, n-C^H^, C^He-C^)
were s tu d ie d .  At 200° th e  r e a c t io n s  were v e ry  r a p id .  D uring
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th e  ex p e rim en t, th e  r a t e s  were m on ito red  (SLPC) by  m easu rin g  
th e  amount o f  hyd ro carb o n s fo rm ed . The p ro d u c ts  and t h e i r  
r e l a t i v e  amounts a re  shown (E qn. 6 0 -6 4 ).
CH5 CoL(H2 0 ) + -20CC  CH  ^ + C2 H4  + CgHg + Co11] /  (6 0 )
7 0 % 3% 27%
C2 H5 CoL(H2 0 ) + 200° C2 H4  + C2 H6  + Co11!*  (61 )
93% 5%
n-C 3 H7 CoL(H2 0 ) + 200°  C^Hg + CgH^ + Co11] /  (6 2 )
9 9 % tr a c e
n-C 4 H9 CoL(H2 0 ) + 200°  C4 Hq + C4 H1 0  + Co11] /  (6 3 )
7 2 % 28%
C6 H5 CH2 CoL(H2 0 ) + 200° (C6 H5 CH2 ) 2  + Co11/  (64 )
100%
The r e l a t i v e  r a t e s  o f  p y r o ly s i s  a t  200° a s  a f u n c t io n  o f
R(0 1 -C4 ) ana n -0 4 H g\ n -C jH ^ ) CgH^) CH^. H ate c o n s ta n ts  were
o b ta in e d  f o r  R=CH^, C^ H^ ; b u t  f o r  n-C^H^ and n-C 4 H^, th e  tim e
p e r io d  was to o  s h o r t  to  o b ta in  q u a n t i t a t iv e  r e s u l t s .  The
-3  -1o b se rv ed  r a t e  c o n s ta n t f o r  CH  ^ was 5 * 5  x 1 0  ^min ; f o r
-2  —1C2 H^, i t  was 1 .2  x  10 min . The p ro d u c ts  o f  th e  p y r o ly s i s  
o f  th e  CgH^CH2  complex co u ld  n o t  be d e te c te d  (GLPC); 
th e r e f o r e ,  th e  r e l a t i v e  r a t e  co u ld  n o t be m easured by  t h i s  
m ethod. The (CgH^CH2 ) 2  p ro d u c t was i d e n t i f i e d  u s in g  UV 
s p e c tr a  ( s e e  EXPERIMENTAL s e c t i o n ) .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
81
4-8P re v io u s  r a t e  s tu d i e s  have shown r e l a t i v e  r a t e s ,
as a  fu n c tio n  o f  R f o r  R C o(Sal2 en) p y r o ly s is  r e a c t i o n s ,  a re
n-C^Hr,^ C2 H ^  CH^. T h is  a g re e s  w ith  th e  r e l a t i v e  r a t e s  f o r
th e  ECoL(H2 0 ) + com plexes ( s e e  ab o v e ). T h is o rd e r  i s  th e
same as th e  e a se  o f  fo rm a tio n  o f  th e  f r e e  r a d i c a l  and i s  in
77in v e rs e  o rd e r  to  th e  d i s s o c i a t i o n  e n e rg ie s .  '
The h y d ro carb o n  p ro d u c ts  v a ry  w ith  th e  R g ro u p . When 
R=CH^, b o th  CH^ and C2Hg a re  form ed v ia  a CH^« r a d i c a l .
CH  ^ i s  form ed when th e  CH^- r a d i c a l  a b s t r a c t s  a hydrogen  
atom (Eqn. 6 5 a ) ; C2Hg i s  form ed b y  th e  co u p lin g  o f  two CH^* 
r a d i c a l s  (Eqn. 6 5 b ) .
CH^* J L .  CH4  ( 6 5 a)
2 CH5 - - ^ C 2 H6  ( 6 5 b )
The hydrogen atom (Eqn. 6 5 a) p resum ab ly  comes from  th e  l ig a n d ,
2*1p o s s ib ly  th e  b r id g in g  g ro u p . CH^Co(I>MG)2 py , w hich h a s  no 
(CH2 ) n b r id g e ,  y i e ld s  a  C2 H4 /C 2Hg p e rce n tag e  r a t i o  o f  59/4-1 
when a n a e ro b ic a l ly  (pH 7 ) p h o to ly z e d . W ith CH^Co(Sal2 e n ) , 
w ith  a  (CH2 ) 2  l ig a n d  b r id g e ,  th e  y i e ld  i s  7 7 /2 5 - These 
compare w ith  th e  CH^CoL(H2 0 ) + y i e l d  o f  93/7* s u g g e s t in g  th e  
p ro to n  may come from  th e  b r id g e .  O ther a lk y l  groups 
(R=C2 H^, CgH^CH2 ) may fo llo w  th e  d im e r iz a t io n
scheme (Eqn. 6 5 b ).
A lkenes a re  p ro b a b ly  form ed by e i t h e r  a f r e e  
r a d i c a l  m echan ism ^ o r  Q  - e l im in a t io n .  A f r e e  r a d i c a l
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mechanism in v o lv e s  th e  fo rm a tio n  o f  Co^"^ h y d rid e  
(Eqn. 6 6 -6 7 ).
ch5
0Ho 20CL CoI3:L + CH-jCHo* ( 6 6 )I ^ ^  o £
CoL
CHjCHg- + C o ^ L -^ C g H ^  + HCo111!  (6 7 )
The f r e e  r a d i c a l  m echanism  was su g g e s te d  f o r  C2 H^ fo rm a tio n  
from C2 Hc;Co(MG)2py p h o t o l y s i s . ^
The o th e r  s u g g e s te d  m echanism , - e l im in a t io n ,  a ls o  
p ro d u ces th e  C o ^ ^  h y d r id e  d i r e c t l y  hy  p ro to n  t r a n s f e r
(Eqn. 6 8 )
E  *  H
1 f  O 1 0H -  C -  H 200° H-G- +H
I---------- ---- ----- 1J —
°2H4
CH0  0Ho H
I - H  I TTT
CoL CoL Co L ( 6 8 )
P y ro ly s is  o f seco n d ary  RCo(DMG)2py  com plexes have been 
r e c e n t ly  shown*'7® to  g iv e  e th y le n e  d e r iv a t iv e s  by  J2 - e l im in a t io n .
The s o l i d  p ro d u c t was i d e n t i f i e d  as b e in g  a  c o b a l t ( I I )  
d e r iv a t iv e .  The i d e n t i f i c a t i o n  was l im i te d  to  com paring th e  
spectrum  o f  an a n a e ro b ic  s o lu t io n  w ith  t h a t  o f  C o^^L(H 2 0 ) 2  
a n a e ro b ic a l ly  red u ce d  w ith  NaBH/+ (Eqn. 6 9 ) . Both have a  
band between 5 0 6  and 5 ^ 0  nm.
CoI I I L(HP0 )p  NaBIV Coi;EL+ (6 9 )C. C. 1 ' o
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T his means t h a t  th e  c o b a l t  ( I I I )  h y d rid e  com plex 
decomposes a t  200° (Eqn. 7 0 ) .
TTT 200° TT 
HCo L ----   Co L + m 2 (!70 )
The HCoII] :(DMG)2py  com plex i s  known to  be s t a b le  up to  100°,
79m  vacuo . ' y
?1S c h ra u z e r, e t .  a l . ,  have r e p o r te d  s im i l a r  
p e rc e n ta g e s  o f  p ro d u c ts  f o r  th e  p y r o ly s is  o f  RCoL(H2 0 ) + 
com plexes (R=CH^, C2 H^) i n  an a rg o n  atm osphere a t  2 0 0 ° .
The same f i v e  o r g a n o c o b a l t ( I I I )  com plexes w ere 
a n a e ro b ic a l ly  p h o to ly z e d  i n  s u n l i g h t .  No a tte m p t was made to  
s tu d y  th e  r e l a t i v e  r a t e s  o f  p h o to ly s i s .  The p ro d u c ts  and 
r e l a t i v e  amounts a re  shown in  (Eqn. 71 -7 5 )- A ll th e  h y d ro ­
carbons were i d e n t i f i e d  b y  GLPC ex c e p t (CgH^CH2 ) 2  w hich was 
i d e n t i f i e d  b y  UV s p e c t r a l  com parison  (see  EXPERIMENTAL 
s e c t io n ) .
f a .
CH3 CoL(H2 0 ) + — + C2 H6  + CoI I L+ (? 1 )
94% 6 %
,  h ^  T T  ,
C2 H5 CoL(H2 0 ) + — •  C2 H4  + C2 H6  + Co L (7 2 )
99% 1%
4- TT 4-n-C 5 H,-,CoL(H2 0 ) + — •* C^Hg + Coj"lL+ (7 5 )
100%
4- h  "]) TT i
n-C 4 HgCoL(H2 0 ) + ---- »  C4Hg + Co1 1 L+ (7 4 )
100%
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C6 H5 CoL(H2 0 ) + (C6 H5 CH2 ) 2  + CoI I L+ (75)
100%
The p h o to ly s is  r e a c t io n s  appear to  b e  s im i la r  t o  
th e  p y ro ly s is  r e a c t io n s  -under th e  same a n a e ro b ic  c o n d i t io n s .  
The p h o to ly s is  r e a c t i o n s  were ru n  in  w a te r; th e  p y r o ly s i s  
r e a c t io n s  were s o l i d  s t a t e .
CH^CoL(H2 0 ) + y i e l d s  m o stly  CH  ^ and some C2Hg v i a  
th e  CEy r a d i c a l .  CH^ and C2H6 are forme(3- r e a c t io n s  
shown in  Eqn. 65* V ith  th e  h ig h e r  a lk y l ,  th e  a lk en e  i s  th e  
m ajo r p ro d u c t, p ro b a b ly  by  a f r e e  r a d ic a l  o r  - e l im in a t io n  
r e a c t io n .
The r e s u l t a n t  r e a c t io n  s o lu t io n  was a  c h a r a c t e r i s t i c
r e d  c o lo r .  The v i s i b l e  spectrum  o f  each c o n ta in e d  an
a b s o rp tio n  band in  th e  r e g io n  o f  5 0 2  to  5 0 6  nm w ith  th e
ex c e p tio n  o f  th e  s o lu t io n  from th e  CgH^CH2  complex in  w hich
th e  band was betw een 494 to  500 nm as a s h o u ld e r . These
a b s o rp tio n s  ag ree  w ith  t h a t  o f  th e  C o^L (H 2 0 ) 2  complex
produced  as  d e s c r ib e d  i n  th e  p y r o ly s is  s e c t io n  above.
21S c h ra u z e r , e t .  a l . ,  have r e p o r te d  th e  a n a e ro b ic  
p h o to ly s is  o f  th e  KCoL(H2 0 ) + com plexes (E=CH^, C ^ ,-)  in  a 
n e u t r a l  s o lu t io n .  The r e l a t i v e  p e rc e n ts  o f  th e  hy d ro carb o n  
p ro d u c ts  e s s e n t i a l l y  a g re e  w ith  our r e s u l t s .
I t  was shown by  sp e c tro p h o to m e tr ic  means t h a t  th e  
p h o to ly s is  r e a c t io n  r e s u l t s  in  hom oly tic  c le av a g e  o f  th e  
c o b a lt-c a rb o n  bond in  th e  o r g a n o c o b a l t ( I I I )  complex le a v in g  
an in o rg a n ic  c o b a l t ( I I )  com plex. F ig u re  17 shows th e





W ave1e n g th , am
F ig u re  17» I s o s b e s t i c  o f  th e  A naerob ic  P h o to ly s is  o f  th e  
C2 H5 Co(BDM1,3pn)(H 2 0 ) + io n .
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s tep w ise  change in  th e  spectrum  o f  C2 H^CoL(H2 0 ) + complex 
a t  1 0  m inute i n t e r v a l s  as  i t  i s  a n a e r o b ic a l ly  p h o to ly zed . 
There i s  an i s o s b e s t i c  p o in t  a t  4-75 nm, i n d ic a t in g  t h a t  th e
QA
m olar a b s o r p t i v i t i e s  o f  th e  two c o b a l t  s p e c ie s  a re  eq u a l.
I t  a ls o  shows th e  d e c re a se  in  th e  407 nm band o f th e  
RCoL(H2 0 ) + com plex and th e  s h i f t  o f  th e  4-70 nm band to  th e  
c h a r a c t e r i s t i c  5 0 6  nm band o f  Co^L"*’ com plexes.
S t a b i l i t y  o f  RCo(BDM1, 3 p n )( ^ 0 ) *  com plexes in  a c id  and base 
s o lu t io n s .
The s t a b i l i t y  o f  RCoL(H2 0 ) + com plexes as a fu n c tio n  
o f a c id i t y  was m easured  by  p la c in g  v a r io u s  a lk y l  c o b a lt  
com plexes in  w a te r  c o n ta in in g  e i t h e r  an a c id  o r  a b a s e .
The pH as  w e ll  as th e  te m p e ra tu re  was v a r ie d .
In  a c id ic  s o lu t io n s  (0 .1  t o  6  1$ th e  com plexes 
rem ained s ta b le  f o r  s e v e ra l  days even a t  te m p e ra tu re s  up to  
52°. T his was t r u e  w ith  th e  a c id s  HC1, H I, o r  HCIO^.
When th e  c o n c e n tr a t io n  o f  HITO^  exceeded  5 M, th e re  
was c leav ag e  o f  th e  c o b a lt- c a rb o n  bond as  in d ic a te d  by 
d ec re a se  in  ab so rb an ce  o f th e  band  n e a r  4-60-4-75 nm* T his 
i n s t a b i l i t y  may be due to  an e l e c t r o p h i l i c  r e a g e n t  formed 
from th e  HO^. M etal n i t r a t e  s a l t s  in  HC1 a ls o  e f f e c te d  th e  
s t a b i l i t y  o f  th e s e  o r g a n o c o b a l t ( I I I )  com plexes because  o f 
th e  fo rm a tio n  o f  HNO,.
HNO2  in  m in e ra l a c id s  i s  known to  produce H2 NO2  
which has been shown to  a t ta c k  th e  CgH^0 H2 Co(CH)^“ ^ io n
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C. 0 ^ 1
and c le a v e  th e  a lk y l  c o b a lt  bond. ’ T h is  s u g g e s ts  t h a t  a 
s im i la r  s p e c ie s  m igh t occu r in  s o lu t io n s  o f  HNO^. T h is 
e l e c t r o p h i l i c  r e a g e n t  can a t ta c k  th e  a lk y l  c o b a lt  bond in  
th e  RCoL(H2 0 ) + com plexes. The n itro n iu m  io n , N02 , i s  
known to  be a d i s s o c ia t io n  p ro d u c t,  as p u re  HNO  ^ a u to -  
io n iz e s  (Eqn. 7 6 ) .
2HN0^—»  NO 2  + NO” + H20 (76)
P erhaps an e l e c t r o p h i l i c  r e a c t io n  o c c u rs  v ia  th e  NO  ^ io n .
These same o r g a n o c o b a l t ( I I I )  com plexes w ere found 
to  be s t a b le  in  b a s ic  s o lu t io n s  c o n ta in in g  1 M o r  l e s s  NaOH 
a t  room te m p e ra tu re  f o r  s e v e ra l  d ay s . However, when th e  
com plexes were h e a te d  to  52° f o r  7 t o  14 d ay s , th e y  s lo w ly  
decomposed. T h is w i l l  be d is c u s s e d  l a t e r .
D e a lk y la tio n  o f RCo(BDM1,3pn)(H2 0 ) + com plexes by  th e  
M e rc u ry (II)  e l e c t r o p h i l e .
The m e rc u ry ( I I )  io n  i s  known to  be a  good 
d e a lk y la t in g  ag e n t f o r  o rg a n o co b a lt com plexes. D e a lk y la tio n  
r e a c t io n s  o f  o r g a n o c o b a l t ( I I I )  com plexes by  m e ta l io n s  a re  
g e n e ra l ly  d is c u s s e d  as  a lk y la t io n  r e a c t io n s  o f  th e  m e ta l io n s .  
The o r g a n o c o b a l t ( I I I )  com plexes o f  DMG a re  known to  
a lk y la t e  m e rc u ry ( I I )  io n s  (Eqn. 77 )- ^he s tu d ie s  were done
RCo(DMG)2 H20 + Hg+2 -»Co(D H G ) 2 (H2 0 )2  + HgR+ (77) 
in  b o th  aqueous HG2 H j 0 2 “NaC2 H^0 2 ^ 2  and aqueous H C IO ^ .^ ’^
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
88
The a lk y la t io n  i s  th o u g h t to  o cc u r by an S-g2 m echanism .
T h is  mechanism was r e c e n t l y  shown w ith  an e l e c t r o p h i l i c  
m e ta l -a lk y l  c le a v a g e  r e a c t io n .  The r e a c t io n  in v o lv e d
in v e rs io n  a t  th e  a  -c a rb o n  in  th e  c leav ag e  o f  th e  c o b a l t -
4.7
carbon  bond. f
The RCoL(H2 0 ) + com plexes have been found to  a ls o
Q/t
a lk y la te  th e  m e rc u ry ( I I )  io n  (Eqn. 78)• Both ^ ( 0 2 ^ 0 2 ) 2
RCoL(H 2 0 ) + + Hg+2 —•  CoL(H2 0 ) 2 + 2  + HgR+ (78)
(where R=CH3 , C2 H5 , n - C ^ ,  n-C^Hg, CgH^C^)
in  HC2 H 0^ 2 “NaC2 H^ 0 2  (pH 5) and HgO in  HCIO^ (1 M) s o lu t io n s  
were u sed . The p ro d u c ts  o f  th e  r e a c t io n  were i d e n t i f i e d ;  th e  
Co^^LCKgO ) ^ 2  by  s p e c tro p h o to m e tr ic  com parison to  an 
a u th e n tic  sam ple, and  th e  RHg+ (R=CH^) by  th e  m e ltin g  p o in t  
o f  CH^HgCl form ed b y  a d d i t io n  o f  Cl~ (Eqn. 79)*
Hp°
CH^Hg + Cl~ ^ CH^HgCl(s) (79)
An a tte m p t t o  d e te rm in e  th e  s to ic h io m e try  o f  th e  
r e a c t io n  (Eqn. 78) f a i l e d  b ecau se  o f  i t s  slow  r a t e .  A 
s p e c t r a l  q u a n t i ty  o f  th e  RCoL(H2 0 ) + complex was p u t in  a c e l l  
and 10% a l iq u o ts  o f  th e  t h e o r e t i c a l  m e rc u ry ( I I )  io n  were 
added, hop ing  to  s e e  a  s te p w ise  d ec re a se  in  th e  4-70 nm band . 
B ut th e  r e a c t io n  was so s lo w .[ s e v e ra l  days] t h a t  th e  work 
was abandoned. The r e a c t io n  i s  th o u g h t t o  have th e  1 /1  
s to ic h io m e try  found  in  th e  DMG system .
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Both [cH3 Co(BDM1,3pnBF2 )(H 2 0 ) ] c i0 4  and  
[c^H^Co( BDMen)( H^O)j BF^ were a lso  found to  a l k y l a t e  
th e  m e rc u ry ( I I )  io n  i n  th e  HgO-1 M HgClO^ s o l u t i o n .
The r e l a t i v e  r a t e s  o f  th e  RCoL(H2 0 ) + a l k y l a t i o n
84r e a c t io n s  were s t u d i e d . . These r a t e s  were com pared to
83 45 46e a r l i e r  work on th e  DMG system , and w ith  th e
d e r iv a t iv e s  m en tio n ed  above . This k i n e t i c s  w ork i s  
d e t a i l e d  in  a  l a t e r  s e c t io n .
An a t te m p t was made to  s tu d y  RCoCSal^enXH^O) 
a l k y l a t i o n  r e a c t i o n s  o f  th e  m e rc u ry (II )  io n .  T h is  was in  
c o n ju n c tio n  w ith  th e  k i n e t i c s  s tu d i e s .  The r e a c t i o n  
ap p eared  to  o c c u r ,  b u t  c lo u d in e s s  i n  th e  c e l l  p re v e n te d  th e  
c o l l e c t i o n  o f  any k i n e t i c s  d a ta .  A sam ple o f  th e  s o l i d  th a t  
form ed above was made in  o rd e r  to  i d e n t i f y  i t .  T h is  sample 
EXPLODED a f t e r  i t  had  b een  d r ie d  and was b e in g  rem oved from 
a g la s s  f i l t e r .  No f u r t h e r  work was done w ith  p e r c h lo r a te s  
and t h i s  com plex. A tte m p ts  to  i s o l a t e  a  p ro d u c t  u s in g  HgCl^ 
w ith  th e  CoCSal^en) com plexes a lso  f a i l e d .
R e a c tio n s  o f  RCo(BDIT1,3pu)(H 2 0 ) + com plexes w ith  th e  io d in e  
e l e c t r o n h i l e .
Io d in e  r e a c t s  w ith  se v e ra l RCoLCH^O)*1" com plexes 
(w here R=CH3 , C^H^, n-C^Hr,). The r e a c t io n s  w ere  c a r r i e d  ou t 
u n d er a n a e ro b ic  c o n d i t io n s ,  in  th e  d a rk , and a t  room
♦ G rac io u s ly  s u p p l ie d  by  R achal LaBlanc
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te m p e ra tu re . The f i r s t  ap p earan ce  o f  g reen  s o l i d  a f t e r  
8  to  10 days in d ic a te d  a r e a c t io n  had o c c u rre d  (Eqn. 8 0 ) .
The tim es  v a r ie d  w ith  th e  R g ro u p , b u t no r e a l  com parison  
o f r a t e s  co u ld  be made.
CH,0H
RCoL(H2 0 ) + + I 2  CoLI2  + HI (80)
W ith th e  CH  ^ and C2 H^ com plexes, th e  a lk y l  io d id e  p ro d u c ts  
were i d e n t i f i e d  by  GLPC. The CoLI2  was i d e n t i f i e d  
s p e c tro p h o to m e tr ic a l ly  by com parison  w ith  an a u th e n t ic  
sam ple. The CoLI2  from  th e  CH  ^ r e a c t io n s  was an a ly zed  a s  
d e s c r ib e d  in  th e  EXPERIMENTAL s e c t io n .  No a lk a n e s  o r  a lk e n e s  
were d e te c te d  by  GLPC.
The r a t e s  o f  th e  r e a c t io n s  were c o n s id e ra b ly  s lo w er
zj. 8th an  t h a t  when CH^Co(Sal2 en)H20 r e a c te d  w ith  I 2  in  m e th an o l.
T h is s u g g e s ts  t h a t  CH^CoL(H2 0 ) + i s  n o t as  f a s t  a  CH  ^ donor
as CH^Co(Sal2 en)H 2 0 . T h is  su p p o r ts  th e  concep t t h a t  th e
c o b a lt-c a rb o n  in  CH^CoL(H2 0 ) + i s  l e s s  r e a c t iv e  a s  a
ca rb an io n  donor b ecau se  th e  Co^"^ atom i s  more p o s i t i v e  due
50to  a g r e a t e r  e l e c t r o n e g a t i v i t y  o f  BDM1,3pn.
R e a c tio n s  o f  RCo(BDM1,3pn)(H 2 0 ) + com plexes w ith  n u c le o p h i le s .
I t  h a s  been shown t h a t  some n u c l e o p h i l e s ' w i l l  
r e p la c e  w a te r  in  RCo(Chel)H20 com plexes. Some n u c le o p h ile s  
w i l l  cau se  d e a lk y la t io n  th ro u g h  a t r a n s  a t ta c k  and th e
CO A Q  Q C
su b seq u en t Sjj2  re p la c e m e n t o f  th e  ca rb a n io n ?  ’ * '
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The cy a n id e  io n  and "benzene t h i o l  (HSCgH^) were b o th  
found to  r e p la c e  th e  a x i a l  w a te r in  RCoL(H2 0 ) + (Eqn. 8 1 -8 2 ).
RCoL(H2 0 ) + + CIT pH RCoL(CN) + H20 (8 1 )
(R=CH5 , C2 H5 , n - C ^ ,  C6 H5 CH2)
CH5 CoL(H2 0 ) + + SC6 H” pH CH^CoLCSCgH^) + H2 0  (82 )
Under th e  a l k a l in e  c o n d it io n s  th e r e  was no d e a lk y la t io n .
F ig u re s  18 and 19 show th e  v i s i b l e  spectrum  o f  th e  
cyan id e  and benzene  t h i o l  d e r iv a t iv e s  o f  CH^CoLB. In  b o th  
c a se s  th e  s o lu t io n  was a c id i f i e d  and th e  r e s u l t i n g  spectrum  
ag reed  w ith  t h a t  o f  th e  CH^CoL(H2 0 ) + c a t io n  in  which BsCR" 
o r  C^H^S” (Eqn. 8 3 ) .
CH5 CoL(B) + H+-~ C H 5 CoL(H2 0 ) + + HB (83 )
T h is  i n d i c a t e s  t h a t  w ith  CWT and a t  h ig h  pH, th e re  i s
o n ly  s u b s t i t u t i o n  o f  th e  a x ia l  b a s e  t r a n s  t o  th e  a lk y l  g ro u p .
W ith th e  HS“ io n ,  no p u re  s o l i d  sam ple o f  RCoL(HS), 
(where R*=CH ,^ CgH^) c o u ld  be form ed.
RCoL(Ho0 ) + + HB”  P,H 1 Q-15.RCoL(HS) + Eo0 (84 )
^ 25-40 *
The v i s i b l e  sp ec tru m  (F ig .  20) i n d ic a t e s  t h a t  RCoL(HS) i s
form ed in  s o l u t i o n .  A lso  th e  a c i d i f i e d  sam ple in d ic a te s  t h a t
th e  c o b a lt- c a rb o n  bond rem ains i n t a c t  s in c e  th e  RCoL(H2 0 ) +
c a t io n  i s  re c o v e re d  (Eqn. 8 4 ).







W avelength , cm
F ig u re  18. U l t r a v i o l e t - v i s i b l e  S p e c tra  o f
HCo(BDM1,3pn)CN and RCo(BDM1,3pn)(H2 0 ) + .











V avelength ., no.
F ig u re  19* U l t r a v i o l e t - v i s i b l e  S p e c tra  o f
CH5 Co(BDM1 , 3 pn)(SC 6 H5) and CH5 Co(BDM1,3pn)(H 2 0 ) +.





V ave 1 e n g t h , nin
F ig u re  20. U l t r a v i o l e t - v i s i t l e  S p e c t r a  o f  RCo(BDM1,3pn)HS 
and RCo(BDM1,3pn)(H 2 0 ) + .
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I t  can be co n c lu d ed  t h a t  w ith  RCoL(H2 0 ) +, i t  i s  
v e ry  d i f f i c u l t  to  d e a lk y la te  u s in g  n u c le o p h ile s  l i k e  ClT,
HS” , o r  a t  h ig h  pH. Both Salgen  and DMG com plexes
r e a d i l y  d e a lk y la te .
When C2 H ^C o(Sal2 en) was p la c e d  in  an e x c e ss  CN™ 
s o lu t io n  in  th e  d a rk , ClT c o o rd in a te d  t r a n s  to  th e  a lk y l  
group w ith in  10 m in u te s  (Eqn. 8 5 ) . T h is r e a c t io n  i s  
i n d ic a te d  by a s h i f t  in  th e  C2 H^Co(Sal2 en) band  n e a r  350 
to  3 5 5  nm.
f a s t  _
C2 H5 C o (S al 2 en) + CN" CgH^Cotesd^en) (CN ) (85)
A f te r  ab o u t 5 days in  th e  d ark  and under a n a e ro b ic  c o n d i t io n s ,  
d e a lk y la t io n  o c c u rre d  (Eqn. 8 6 ) .
C2 H5 C o (S a l 2 en )(C lT ) + ClT— »  Com ( S a l 2 en) (CN)~ +
C2H4  (86)
The d icy an o  p ro d u c t ,  w hich h as a s tro n g  a b s o rp tio n  a t  388 
was i d e n t i f i e d  by sp e c tro p h o to m e tr ic  com parison  to  an 
an a ly zed  sam ple.
Under a n a e ro b ic  c o n d i t io n s  a f a s t e r  r e a c t io n  gave as
p ro d u c ts  6 7 % ^ 2 ^ 6 9  3 5 % and a C o ^ ( S a l 2 en) com plex.
I l l  —Because o f  th e  ab sen ce  o f  Co (S a ^ e n )  (CN)^ and th e
p re se n c e  o f  0 2 ^ ,  th e  a n a e ro b ic  ClT r e a c t io n  does n o t  appear
to  be a  n u c le o p h i l ic  s u b s t i t u t i o n  r e a c t io n .  The absence  o f
I I Ia re d u c in g  ag en t t o  red u ce  a Co p ro d u c t to  th e  o b se rv ed
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ITCo (Ssd^en) com plex i s  f u r t h e r  ev idence a g a in s t  n u c le o p h i l ic
s u b s t i t u t i o n .  I t  a p p e a rs  in s t e a d  th a t  CN-  in d u c e s  h o m o ly tic
bond c le a v a g e .
The re a s o n  f o r  no d e a lk y la t io n  may be t h a t  a  more
a c id ic  s o lu t io n  (pH 5) i s  needed  fo r  a lk an e  fo rm a tio n  th ro u g h
a  CHl in te rm e d ia te .  The lo w er pH s o lu t io n  w ould p ro v id e  o
p ro to n s  f o r  th e  CH^ f o r m a t i o n .^  A nother f a c t o r  may be th e  
g r e a te r  r e a c t i v i t y  o f  th e  c o b a lt-c a rb o n  bond to w ard  
n u c le o p h ile s  in  th e  (IMG) 2  and th e  S a ^ e n  co m p lex es. The 
BDM1,3pn com plexes a r e  l e s s  r e a c t iv e  b ecau se  o f  th e  g r e a t e r  
" e le c t r o n e g a t iv i ty "  o f  BDM1 , 3 p n . ^
R e ac tio n s  o f  RCo(BDM1,3 pn)(H 2 0 ) + com plexes in  b a s e  a t  5 2°.
S e v e ra l RCoL(H2 0 ) + com plexes (R=CH^, 
were p la c e d  in  a n a e ro b ic  0 .1  M and 1 .0  M NaOH s o lu t io n s  a t  
52° f o r  s e v e r a l  d a y s . The r e a c t io n s  were m o n ito re d  by 
fo llo w in g  th e  d e c re a s e  in  th e  v i s i b l e  band  b e tw een  465 and 
480 nm. A f te r  a p p ro x im a te ly  2 weeks, GLPC was u s e d  to  
d e te rm in e  w h eth er any  h y d ro carb o n s had been  fo rm ed . A lkanes 
were d e te c te d  in  a l l  th r e e  c a se s  and an a lk en e  i n  one. No 
s o l id  c o u ld  be i s o l a t e d .
The U V -v is ib le  spec trum  o f th e  r e s u l t a n t  s o lu t io n  
co n ta in e d  o n ly  a  s in g l e  band  a t  275 nm. The c o l o r  o f  th e  
s o lu t io n  was a p a le  y e llo w . When th e  s o lu t io n  w as a c i d i f i e d ,  
th e  spectrum  changed  to  in c lu d e  peaks a t  5 0 8  and  2 2 3  nm, 
b u t  none a t  275 nm. The spectrum  o f [co^*(BD M 1, 3pn) (H g O ^ ]-
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(C1 0 ^ ) 2  a ls o  c o n ta in s  b ands a t  303 and 216 nm. T h is 
su g g e s ts  t h a t  th e  in o rg a n ic  p ro d u c t cou ld  be Co^^I^H gO XO H )4, 
o r  CoI 3 :IL(OH)2 .
The r e a c t io n s  f o r  th e  RCoL(H20 )+ com plexes in  b a s ic  
s o lu t io n  (5 2 °) a re  shown below  (Eqn. 8 7 -8 9 ).
CH5 CoL(H2 0)t-*C H 4  + CoI I I L(H 2 0)(0H )+ o r  
100%
CoII:EL(0H ) 2  (87 )
C2H5CoL(H20 ) + _PH»  C2H6 + +
52°  34-% 66%
CoI I 3 :L(H2 0 )(0 H )+ o r  CoI I I L(OH) 2  ( 8 8 )
n - C ^ C o L ^ O ) ^  C^Hg + CoI;EIL(H2 0 )(0 H )+ o r
100%
CoI 3 :IL(OH) 2  (89 )
The CH  ^ and n-C^Hr;, c o b a l t  com plexes a re  s im i la r .
Both in v o lv e  th e  e x c lu s iv e  fo rm a tio n  o f a c a rb a n io n , which 
adds a  p ro to n  to  g iv e  a CH^ o r  C^Hg hydrocarbon  p ro d u c t and 
a c o b a l t ( I I I )  com plex.
In  th e  CH  ^ com plex r e a c t io n ,  th e re  was no C2Hg 
form ed, in d ic a t in g  t h a t  th e  c le av a g e  d id  n o t p ro ceed  by a  f r e e
p yj
r a d i c a l .  S ch rau z e r  and co -w o rk e rs  r e p o r te d  t h a t  C2Hg (3%) 
was a ls o  p roduced  when th e  CH  ^ com plex was a n a e ro b ic a l ly  
p h o to ly zed  a t  pH 1 3 .
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The n-C^Hy com plex a ls o  p roceeded  by c a rb a n io n  
fo rm a tio n  o n ly . S in ce  th e r e  was no C^Hg form ed th e r e ,  
d e a lk y la t io n  d id  n o t  p ro c e e d  by  a f r e e  r a d i c a l  mechanism o r  
JJ - e l im in a t io n .  When th e  n-C^H^ complex was p h o to ly z e d  
u n d e r a n a e ro b ic  (pH 14) c o n d i t io n s ,  C^Hg was th e  o n ly  hyd ro ­
carbon  p ro d u c t and th e  s o lu t io n  was g reen .
The C^H^ com plex seems to  in v o lv e  b o th  c a rb a n io n  
fo rm a tio n  and e i t h e r  a  f r e e  r a d ic a l  o r  J2 - e l im in a t io n .  With 
a f r e e  r a d ic a l  o r  - e l im in a t io n ,  a c o b a l t ( I )  complex would 
be form ed v ia  d i s p r o p o r t io n a t io n  o f  c o b a l t ( I I )  o r  decom posi­
t i o n  o f  th e  c o b a l t ( I I I )  h y d r id e .  Only a c o b a lt  ( I I I )  complex 
was o b se rv ed  u s in g  sp e c tro p h o to m e tr ic  m eans.
I t  has b een  shown t h a t  Co'^DM G^B com plexes
86d is p r o p o r t io n a te  u n d e r b a s i c  c o n d it io n s  (Eqn. 9 0 ) .
CoI;E(DMG)2 (PFh 5 ) 2  iS L  CoI (DMG)2 PPh^ +
CoI 3 : I (DMG)2 PPh5 (OH) (9 0 )
Under b a s ic  c o n d i t io n , C o'^I^H ^O )^ a lso  d is p r o p o r t io n a te s  
(Eqn. 9 1 )- The c o lo r  o f  th e  s o lu t io n  i s  b lu e -g re e n ;  i t
CoIi:L(H 2 0 ) + 1  0Ert CoJUll20)+ + Coi:r iL(H 2 0 )(0 H )+ (9 1 )
ab so rb s  a t  650 (Co1 ) ,  506 (Co11) ,  and 273 nm (Co111) .
The c o lo r  o f  th e  s o lu t io n  from th e  0 2 H^ com plex 
r e a c t io n  was a  p a le  y e llo w  ( 2 7 5  nm) in d ic a t in g  t h a t  th e r e  was 
no c o b a lt  ( I )  in  th e  s o lu t io n .  T h is cou ld  be e x p la in e d  in  
t h a t  some a i r  m ight have e n te r e d  th e  v ia l  and o x id iz e d  th e  
c o b a l t ( I )  to  c o b a l t ( I I l ) .
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K in e t ic s  s tu d ie s  o f  th e  a lk y la t io n  o f  th e  m e rc u ry ( I I )  io n  by 
o r g a n o c o b a l t ( I I I )  com plexes.
The r e a c t io n  r a t e s  o f  th e  a lk y la t io n  o f  th e  m e rc u ry ( I I )
io n  by s e v e r a l  o r g a n o c o b a l t ( I I I )  complexes have been m easured .
T his in c lu d e s  th e  r a t e s  f o r  a l l  th e  RCol(H2 0) + com plexes,
[cH5 Co(BDM1 , 3 pnBF2 )(H 2 0 >] CIO^, and [c^OoCBDM en) (HgO)] BF^.
(Eqn. 9 2 ) .
H 0
RCo(Chel)(H 2 0 ) + + Hg+ 2  . „ 2 .
CoI I I (C h el)(H 2 0 ) 2 2  + HgR+ (92)
The k i n e t i c  b e h a v io r  o f  th e  r e a c t io n  o f  th e  BDM1,3pn,
BDMen, and BDM1,3pnBF2  com plexes w ith  Hg+ 2  i s  s im i la r  to
83 45 46t h a t  o f  th e  an a lo g o u s DMG com plexes ■'* u n d er p seu d o - 
f i r s t - o r d e r  co n d itio n s.® ®  When th e  Hg+ 2  i s  in  e x c e s s , th e  
r a t e  law (Eqn. 93) i s  o b se rv e d . P s e u d o - f i r s t - o r d e r  r a t e
- d  [RCo]
^rp O b S
[e Co] (93)
p lo t s  (F ig . 2 1 ) , w hich w ere alw ays l i n e a r  o v e r  a t  l e a s t  th r e e  
h a l f - l i v e s ,  gave v a lu e s  o f  k0^ s from  th e  s lo p e s .  The concen­
t r a t i o n  o f  th e  o r g a n o c o b a l t ( I I I )  complex was m a in ta in e d  n e a r  
4 x 10“ 4  M. The [Hg+ 2  ] dependence o f  th e  r e a c t io n s  was 
de te rm ined  by  v a ry in g  th e  [ Hg+^ ] from 0.01 to  0 .4 0  M w h ile  
m a in ta in in g  th e  io n ic  s t r e n g th  a t  2 .2 .  The [Hg+2] was w e ll  
in  ex cess  o f  th e  [RCo] (1 0 0 0 -2 5 /1 )•
When k0^ g v s .  [ l ig +2j p l o t s  were made (F ig .  2 2 ) , 
s t r a i g h t  l i n e s  w ere o b ta in e d . T h is  shows f i r s t  o rd e r  dependence




2 .0 0 -
Time, sec
F ig u re  21. R e p re s e n ta t iv e  p lo t s  o f  ln jA - A ^ jv s .  tim e a t  25° and 
[Hg+2] = 0 .4  M , 0 ,  n-C 5 H7 Co(BDM1,3pn)(H2 0) + ;
A , C2 H5 Co(BDM1,3pn)(H 2 0 )+.







0 . 2  
Hg+ 2  , M
F ig u re  22. R e p re s e n ta t iv e  p lo t s  o f  v s .  [Hg+2] ,
O , n-C 5 H7 Co(BDM1,3pn)(H 2 0) + ;A , CgH^CoCBDMI, 3pn) (H2 0 ) +.
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on [he+2 ] and th e n  t h a t  th e  r a t e  law  in  Eqn. 94 i s  c o r r e c t .
- d M  a k 2 [RCo] [Hg+2] (9 4 )
(w here k 2 [RCo]* ko b s )
I t  i s  w ell to  remember t h a t  i n  a  p se u d o -o rd e r  r e a c t io n ,  where 
th e  c o n c e n tra t io n  o f  one r e a c ta n t  i s  h e ld  c o n s ta n t ,  t h i s  
c o n c e n tr a t io n  i s  in c lu d e d  in  th e  kQbg. The k^ .values 
(Eqn. 9 5)  f o r  th e  Hg(C10^)2 system  a re  shown in  T able V II I
RCoL(H20 ) + + Hg+2 k 2^ CoL(H20 ) 22 + RHg+ (9 5 )
and were o b ta in e d  a s  r e g r e s s io n  c o e f f i c i e n t s  ( s lo p e s )  i n  th e  
l e a s t  sq u a re s  program  ( s ta tp a c k )  u se d . See APPENDIX I  f o r  
d a ta  u sed  in  th e s e  c a lc u l a t i o n s  and th e  in fo rm a tio n  o b ta in e d .
A m ajo r d i f f e r e n c e  betw een  th e  BDM1,3pn and th e  DMG 
com plexes i s  t h a t  th e  r e a c t io n  r a t e s  o f  th e  DMG com plexes 
were dependen t on th e  [hcIO ^] (Eqn. 9 6 ) .
RCo(DMG)2 (H20) + H+ RCo (DMG)(DMGH)(H20 ) + (9 6 )
T his was n o t th e  ca se  w ith  th e  BDM1,3pn com plexes, o v e r  an 
[h+ ] range  0 .3  to  1 .0  M. The hydrogen-bonded oxygen i n  th e  
RCoL(H20 ) + com plexes i s  a  p o o re r  b ase  th a n  th e  one in  
RCo(DMG)2(H20 ) ,  p re d o m in a n tly  becau se  o f  th e  c a t io n i c  
n a tu re  o f  RCoL(H20 ) + .
The d a ta  f o r  th e  com plexes l i s t e d  in  T able V II I  show 
th e  same t r e n d s  shown b y  RCo(DMG)2.(H20 ) ^ ’^ * ^ a n d  by  a lk y l









T able V I I I .  R ate C o n stan t D ata f o r  th e  R e a c tio n s  o f  RCo(BDM1,3pn)H20 
and RCo(DMG)2 (H20 )b w ith  Hg(C104 ) 2 , a t  25°-
+a
R RCo(BDM1,3pn)H20+ rco(dmg) 2 (h2o)
k2 (M_/lse c ”^) kgCM-^sec” ^)
ch3 5-9 5^(65)
c2h5 1 .8  x 10"2 1 .2  x  10“ 1 c
n-C5H? 5-7 x 10~5 9 -4  x 10~2
6 .1  x  10-5
CH2C6H5 7 .7  x  10“ 5 7 -5  x 10“ 2
CH3(BI'2) d 1 .5  x 10"4
C2H5 (BDMen)e 1 .4  x  10“ 5
a . M ain ta in ed  a.tjX-2.2 w ith  NaClO^.
b . M ain ta in ed  a t/Z = 1 .0  w ith  NaClO^, See R e fe ren ces  44 and 4 5 .
_'i
c . Under c o n d it io n  o f ^ = 2 .2 ,  v a lu e  was 1 .7  x  10
d . BF2 re p la c e s  th e  hydrogen bonded p ro to n .
e .  The b r id g e  i s  -(CH2 ) 2- ,  in s te a d  o f  -(CH2 ) ^ - .
103
104
c o b a la m in s .^  The r e l a t i v e  ^  v a lu e s  a re  C H ^ ^ C ^ ^ n -C ^ H ^  
in  a l l  th r e e  sy s tem s . T h is t r e n d  i s  c o n s is te n t  w ith  a 
b im o le c u la r  e l e c t r o p h i l i c  s u b s t i t u t i o n  (S^.2) m echanism . I f  
a t r a n s  a t ta c k  o c c u r re d , th e  r e a c t io n  o rd e r  would be 
re v e r s e d  as found  f o r  an a lk y l  c o b a l t  (S a ^ e n )  s y s t e m .^
The substitution of BE^ for the hydrogen bonded proton in 
CH^Co(BDH1, 3pn)(H2^^+ causes the alkylation to be 4000
tim es s lo w e r. T h is  r e s u l t  i s  in  agreem ent w ith  a  b im o le c u la r  
e l e c t r o p h i l i c  a t t a c k  b e c a u se  th e  e le c tro n -w ith d ra w in g  e f f e c t  
o f  BF2  makes th e  ca rb o n  l e s s  s u s c e p t ib le  to  an e l e c t r o p h i l i c  
a t ta c k .
When th e  (C I^ )^  b r id g in g  group was r e p la c e d  w ith  a
( 0 1 1 2 ) 2  6ro u P» th e  r e a c t io n  r a t e  o f  th e  com plex was
d ec re a se d  by a f a c t o r  o f  13* T h is  r e s u l t  can be e x p la in e d
by a s t e r i c  e f f e c t .  The s h o r t e r  b r id g e  f o r c e s  th e
e q u a to r ia l  l ig a n d  oxime oxygens a p a r t ,  w eakening th e  hydrogen
bond, i f  one o cc u rs  a t  a l l .  The c i s  oxime n i t r o g e n s  can
+2tw is t  o u t o f  th e  N^Co p la n e  and i n t e r f e r e  w ith  th e  Hg 
a t t a c k .  T his n o n - p la n a r i ty  i s  a ls o  ev idenced  by  th e  d i f f i ­
c u l ty  in  s y n th e s iz in g  th e  ( 0 1 1 2 ) 2  b r id g e d  com plexes.
In  o rd e r  to  com pare th e  r a t e s  f o r  RCo(DMG)2 ( 1^ 0 ) 
and RCoI^HgO)*, th e  DMG com plexes were run  under th e  co n d i­
t io n s  u sed  JJL = 2 .2 . The p r i n c i p a l  d if f e re n c e  was t h a t  o f  
h ig h e r  io n ic  s tre n g th :. At th e  h ig h e r  io n ic  s t r e n g th ,  th e  
v a lu e s  f o r  k 2  and w ere 1 .7  x  lO”  ^ sec""^ and 4 .9
r e s p e c t iv e ly .  These a re  somewhat h ig h e r  th an  k 2  (1 .2  x
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10~1 se c _/*) and (3*9 and 4 .2  M"^) v a lu e s  found
p re v io u s ly  a t  an io n ic  s t r e n g th  o f  1 .0 .
I t  i s  o f  i n t e r e s t  t h a t  th e  r e a c t io n  o f  C£H^Co- 
(BDM1,3pn) (HgO)"*- i s  te n  tim es  s lo w er th a n  th e  r e a c t i o n  o f  
C2H^Co(DMG)2(H20). T his o ccu rs  b ec au se  th e  c a t i o n i c  
complex i s  l e s s  s u s c e p t ib le  to  a  b im o le c u la r  e l e c t r o p h i l i c  
a t ta c k  th a n  a v e ry  s im i la r  n e u t r a l  com plex. A lso th e  
a p p a re n t g r e a t e r  " e le c t r o n e g a t iv i ty "  o f  BDM1,3pn c a u se s  th e  
CpH.^  to  be more t i g h t l y  h e ld .
The s tu d i e s  done in  th e  HgCOAc^ e l e c t r o p h i l e  so u rce  
g e n e ra l ly  s u p p o r t th e  above c o n c lu s io n s  (T a b le  IX ). The 
r e a c t io n s  a re  s lo w e r th a n  in  th e  p e r c h lo r a te  sy stem  by an 
average f a c t o r  o f  350. T h is i s  p ro b a b ly  due to  th e  h ig h  
s t a b i l i t y  o f  HgCOAc^ and low [Hg+ 2 ] (Eqn. 97 -98 )-^®
H g(0A c)2 — ■*Hg+2 + 2(0A c)“ (97)
K=3.75 x 10"9M5 (98)
P o s s ib ly  th e  a t t a c k in g  e l e c t r o p h i l e  i s  HgOAc+ . The r e a c t io n  
r a t e s  o f  th e  BDM1,3pn com plexes av e rag e  a t  17 t im e s  s lo w er 
th an  th e  r a t e s  o f  th e  DMG com plexes f o r  th e  same a lk y l  
g roups. The o r d e r  o f  k 2  v a lu e s  f o r  b o th  sy s tem s i s
C^ Hcj £  CIi2C6H5 ■£.” C3H7 £  r e l a t i v e  r a t e s
betw een th e  two system s and among th e  R g ro u p s i n  each  system
f u r th e r  c o r r o b o ra te  th e  Sg2 mechanism w ith  a d i r e c t  a t t a c k  on
th e  c o b a l t - c a rb o n  bond by th e  m ercury  e l e c t r o p h i l e .









T able IX . R ate  C o n stan t D ata  f o r  th e  R e a c tio n s  
and RCo(DMG)2 (H20) w ith  Hg(0Ac)2a ,b .
R RCo(BDM1, 3pn) (H20 ) +
k2 (M” sec
CH-,y 9 .2  x  10-5
°2 h 5 4 .4  x  10“ 5
£.-C5H7 3 .1  x  1 0 -5
d-C4H9 3-3 x  1 0 " '
CH2°6H5 3 .9  x  10"5
a . In  0 .1  M HoAC -  0 .1  M RaOAc
b . k2 o b ta in e d  from k v s .  Hg(0Ac)2
c . At 25°
d . From R efe ren ce  83
3- U npublished  d a ta  a t  26° o f  G. N. S ch rau ze r  and J .  H.
o f  RCo(BDM1,3pn)(H20 )+
rco( dmg) 2 (h2o)
k2 (M_<1se c“ )
6 . 6 X 0
i ro d







7 . 2 X 1 0 - 4
e
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APPENDIX I
K in e t i c s  D ata  f o r  M e r c u r y (II )  Io n  in  HCIO^
The d a ta  g iv e n  h e r e  was c o l l e c t e d  "by f o l lo w in g  th e  
r e a c t io n  o f  th e  m e r c u r y (I I )  io n  i n  HCIO^ w ith  v a r io u s  a lk y l  
c o m p le x e s . V a lu e s  f o r  t im e  and A -A  q© f o r  each  m e r c u r y (I I )  
c o n c e n tr a t io n  are  g iv e n  i n  ta b u la r  form .
A t th e  end o f  ea ch  t a b l e  r e p r e s e n t in g  a m e r c u r y (I I )  
c o n c e n tr a t io n , th e  r e g r e s s io n  c o e f f i c i e n t  ( r c ) ,  th e  
o b se r v e d  r a t e  c o n s ta n t  (k 0-bS ) i  th e  c o r r e la t io n  c o e f f i ­
c i e n t  ( c c )  are  g iv e n .
The r e g r e s s io n  and c o r r e l a t io n  c o e f f i c i e n t s  were 
o b ta in e d  b y  u s in g  th e  STATPACK program  p r o v id e d  b y  th e  
com puter c e n te r  o f  th e  U n iv e r s i t y  o f  New H am pshire.
T ransform , a su b r o u tin e  o f  STATPACK, w i l l  tra n sfo rm  A -A  ©o 
in t o  In  v a l u e s .  R e g r e s s io n , a se c o n d  s u b r o u t in e , w i l l  p l o t  
In  v a lu e s  v e r s u s  t im e  t o  g iv e  a  l e a s t  sq u a r es  f i t  o f  th e  d a ta .
The k2 v a lu e ,  a p l o t  o f  m e r c u r y (I I )  io n  v e r s u s  kol:)S» 
i s  shown f o r  ea ch  com p lex .
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CHjCo(BDM1, 3pn) (HgO)] CIO^ 




0 0 .4 9 4 0 . 5 8 0 0 .5 9 1
5 0 .3 6 4 0 .4 8 7 0 .4 5 4
1 0 0 .2 6 9 0 . 3 0 6 0 .3 3 6
15 0 .1 9 9 0 .2 2 9 0 . 2 5 6
2 0 0 .1 4 7 0 . 1 7 0 0 . 1 9 0
25 0 .1 0 7 0 .1 2 8 0 .1 3 9
30 0 .0 7 9 0 . 0 9 6 0 .1 0 5
35 0 . 0 5 8 0 .0 7 3 0 .0 7 7
40 0 .0 4 3 0 .0 5 4 0 . 0 5 8
45 0 .031 0 . 0 3 8 0 .0 4 3
50 0 .0 2 4 0 . 0 3 0 0 .0 3 3
r e -0 .0 6 1 0 2
ko b s > s e c ‘ 1
-0 .0 6 0 1 3 -0 .0 5 8 4 0
cc - 1 . 0 0 0 -0 .9 9 9 - 1 . 0 0 0
k +2] *0 . 0 1 0  M
0 0 .4 7 7 0 .5 2 5 0 .4 1 8
2 .5 0 .3 9 4 0 .4 2 8 0 .3 4 3
5 0 .3 1 9 0 . 3 6 0 0 .2 7 4
7-5 0 .2 6 6 0 .2 9 5 0 .2 2 7
1 0 0 . 2 2 0 0 .2 4 4 0 .1 8 6
1 2 .5 0 .1 8 3 0 . 2 0 2 0 .1 5 1
15 0 .1 5 2 0 .1 6 5 0 .1 2 4
1 7 .5 0 .1 2 7 0 . 1 3 8 0 . 1 0 1
2 0 0 .1 0 4 0 .1 1 5 0 .0 8 3
22 .5 0 .0 8 9 0 . 0 9 6 0 .0 6 6
25 0 .071 0 .0 7 7 0 .0 5 5
2 7 .5 0 .0 6 0 0 .0 6 7 0 .0 4 5
30 0 . 0 5 2 0 . 0 5 6 0 . 0 3 6
32 .5 0 .041 0 .0 4 6 0 . 0 3 0
35 0 .0 3 4 0 . 0 3 8 0 .0 2 4
lw s e o " 1
r c -0 .0 7 4 7 2 -0 .0 7 4 7 2 -0 .0 8 1 ;
cc - 1 . 0 0 0 - 1 . 0 0 0 - 1 . 0 0 0
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[Hg+2] « 0.016 M
T ,sec 1 2 5
A -A QQ
0 0 . 5 0 1 0.460
2 .5 0 .561 0 .555
5 0 . 2 9 1 0.257
7 .5 0 .2 1 9 0.195
1 0 0 .1 6 ? 0 .147
1 2 .5 0 .1 2 4 0 . 1 1 0
15 0 .0 9 5 0 .085
1 7 .5 0 .0 7 4 0 .064
2 0 0 .0 5 4 0.047
2 2 .5 0 .0 4 4 0 .055
25 0 .0 5 4 0 .027
2 7 .5 0 .0 2 6 0 . 0 2 1
50 0 .0 1 9 0 .017
52 .5 0 .0 1 6 0 .014
55 0 . 0 1 2 0 . 0 1 0
kot>s’Bec‘ ”'
r c -0 .1 0 6 2 9 - 0 . 1 0 8 9 8
cc - 1 . 0 0 0 -0 .9 9 9
[Hg+2] = 0 . 0 2 0  M
A -A 0 0
0 0 .4 9 2 0.521 0 .5 5 0
2 .5 0 .5 1 7 0.551 0.251
5 0 . 2 2 1 0 .248 0 .1 7 5
7 .5 0 .1 6 0 0 .179 0 .1 2 5
1 0 0 .1 1 4 0.129 0 .0 8 5
12 .5 0 .0 8 2 0.091 0 .0 6 2
15 0 .0 6 6 0 .065 0 .0 4 4
17 .5 0 .0 4 2 0 .048 0.051
2 0 0 .051 0 .055 0 .0 2 5
22 .5 0 .0 2 5 0 .024 0 .0 1 5
25 0 .0 1 7 0.019 0 .0 1 5
W se o ' 1
r c -0 .1 5 2 9 6 -0 .15529 -0 .1 5 4 5 5
cc -0 .9 9 9 -0 .9 9 9 -0 .9 9 9
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
fco b s (av e )
0 .0 0 8 0 .05985
0 . 0 1 0 0.07695
0 .0 1 6 0 .10764
0 . 0 2 0 0.15355
r c 5 .91885 M'
cc 0 .9 9 7
B. CgH^Co (BDM1, 3pn ) (HgO) +
[Hg+2] « 0 .1  M, [h+ ]= 1 .0  M, j l  = 2 .2  
T, sec  1 2
A -A to
0 0 . 9 0 0 0 . 9 1 8
1 2 0 0 .7 6 7 0 .7 8 5
240 0 . 6 5 2 0 . 6 6 8
3 6 0 0 .5 4 8 0 . 5 6 8
480 0 .4 7 7 0 .4 8 5
600 0 .4 0 5 0 .4 1 3
7 2 0 0 .3 4 5 0 .3 5 2
840 0 .2 9 4 0 . 3 0 2
9 6 0 0 . 2 5 2 0 . 2 5 8
1080 0 .1 8 4 0 .1 8 7
1 2 0 0 0 .1 5 7 0 .1 6 0
1 3 2 0 0 .1 3 5 0 . 1 3 8
1440 0 .1 3 5 0 .1 1 8
1 5 6 0 0 .1 1 4 0 . 1 0 0
1800 0 .0 8 4 0 .0 8 7
kob S ’ s e c ’ 1
r c - 0 . 0 0 1 3 2 -0 .00131
cc - 1 . 0 0 0 - 1 . 0 0 0
Ig+2] ** 0 . 2  M
A -Afco
0 0 .9 1 6 0 .951
80 0 .7 3 3 0 .7 7 3
160 0 .5 9 4 0 . 6 3 0
240 0 .4 8 3 0 .5 1 3
3 2 0 0 .3 9 3 0 .4 0 8
400 0 .3 1 9 0 .3 4 0
480 0 .2 5 9 0 . 2 7 6
5 6 0 0 .2 0 9 0 .2 2 3
640 0 .1 6 9 0 .1 8 2
7 2 0 0 .1 4 0 0 .1 4 8
800 0 .1 1 4 0 . 1 2 0




880 0 .0 9 3  0 .0 9 6
960 0 .0 7 5  0 .0 8 0
1040 0 .0 6 3  0 .0 6 5
1120 0 .051  0 .0 5 3
1200 0 .041  0 .0 4 2
W seo~1
r c  -0 .0 0 2 5 9  -0 .0 0 2 5 9
cc -1 .0 0 0  -1 .0 0 0
[he+ 2 J 0 .4  M
A - A  * " e o
0 0 .8 6 9  0 .9 1 0
40 0 .7 1 4  0 .7 4 4
80 0 .5 8 6  0 .6 0 9
120 0 .481  0 .4 9 6
160 0 .3 9 8  0 .4 0 4
200 0 .3 2 4  0 .3 3 1
240 0 .2 6 7  0 .2 7 0
280 0 .2 1 9  0 .2 2 2
320 0 .1 8 1  0 .1 8 3
360 0 .151  0 .1 5 1
400 0 .1 2 6  0 .1 2 5
440 0 .1 0 4  0 .1 0 2
480 0 .0 8 6  0 .0 8 4
520 0 .071  0 .0 6 9
560 0 .0 5 9  0 .0 5 7
600 0 .0 4 9  0 .0 4 6
ko b s ’se c " 1
rc  -0 .0 0 4 7 9  -0 .0 0 4 9 5
cc -1 .0 0 0  -1 .0 0 0
[hs+ 2] koT>s(ave:)
0 . 1  . 0 0 1 3 1
0 .2  .00258
0 .4  .00487
r c  0 .01181 M” 1 s e c ” 1
cc 1.000
C. n-C^HpCo ( BDM1, 3pn ) (HgO)+
[Hg+2J -  0 .1  M, [h+] = 1 .0  M, ]JL -  2 .2
0 0 .7 7 6 ° °  0 .7 5 3
240 0 .6 5 8 0 .6 4 3
480 0 .5 5 7 0 .5 4 5
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T ,se c 1 4
7 2 0 0 .4 7 0 0 .461
9 6 0 0 .3 9 9 0 .391
1 2 0 0 0 .3 5 6 0 .351
1440 0 .2 8 4 0 .2 7 9
1680 0 .2 4 0 0 . 2 3 6
1 9 2 0 0 . 2 0 2 0 . 2 0 0
2160 0.171 0 .1 6 8
2400 0 .1 4 4 0 .1 4 3
2640 0 . 1 2 1 0 . 1 2 1
2880 0 . 1 0 0 0 . 1 0 0
3 1 2 0 0 .0 8 6 0 .0 8 5
3360 0 . 0 7 2 0 .071
kobS’ seo_1
r c -0 .00071 -o.ooo1;
cc - 1 . 0 0 0 - 1 . 0 0 0
b +2] - 0 . 2  M
8I<1
0 0 .8 0 5 0 .7 5 8
1 2 0 0 .6 8 9 0 . 6 5 0
240 0 .5 9 2 0 .5 5 8
3 0 0 0 . 5 1 0 0 .4 7 8
480 0 .4 3 8 0 .4 1 3
600 0 .3 7 2 0.34-8
7 2 0 0 . 3 2 0 0 . 2 9 8
840 0 .2 7 5 0 .2 5 5
9 6 0 0 .2 3 5 0 .2 1 7
1080 0 . 2 0 2 0 .1 8 6
1 2 0 0 0 .1 7 5 0 .1 5 9
1 3 2 0 0 .1 4 9 0 .1 3 5
1440 0 .1 2 7 0 .1 1 3
1 5 6 0 0 .1 0 7 0 . 0 9 8
1680 0 . 0 9 2 0 .0 8 3
1800 0 .0 7 9 0.074-
k o b s ’ seo_1
r c -0 .0 0 1 2 9 - 0 . 0 0 1 '
cc - 1 . 0 0 0 - 1 . 0 0 0
[He +2] * 0 .4  M
A “Aco
0 0 .7 7 0 0 . 7 1 0
60 0 . 6 6 6 0 . 6 1 3
1 2 0 0 .5 7 6 0 .5 2 9
180 0 . 5 0 0 0 .4 5 8
240 0 .4 3 9 0 .3 9 6
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T ,se c 1 2
3 0 0 0 .3 7 9 0 .396
3 6 0 0 .3 3 0 0 . 2 9 8
420 0 .2 8 3 0 .259
480 0 .2 4 6 0 . 2 2 1
540 0 .2 1 3 0 .193
600 0 .1 8 4 0 .166
660 0 .1 5 9 0 .144
7 2 0 0 .1 4 1 0 .126
7 8 0 0 .1 1 9 0 .106
840 0 .1 0 3 0 . 0 9 2
9 0 0 0 .0 8 8 0 .077-'i
k , .s e c  o b s ’
r c -0 .0 0 2 4 0 - 0 . 0 0 2
cc - 1 . 0 0 0 - 1 . 0 0 0
HS+2] kObE(aV e)
0 . 1 0 . 0 0 0 7 0
0 . 2 0 . 0 0 1 3 0
0 .4 0 .0 0 2 4 2
r c 0 .00571 M” ^sec"’^
cc 1 . 0 0 0
D. n-C^EUCo (BDM1, 3pn) (H2 0 ) +
[Hg+2J -  0.1 M, [h + J«1.0M,/Z = 2 . 2
A -A qq
0 0 .6 2 5 0 .593
240 0 .5 3 1 0 .504
480 0 .4 4 8 0 .422
7 2 0 0 .3 7 6 0 .353
9 6 0 0 . 3 1 8 0 . 2 9 6
1 2 0 0 0 .2 6 8 0 .248
1440 0 .2 2 6 0 .207
1680 0 .1 9 1 0 .173
1 9 2 0 0 .1 6 0 0 .144
2160 0 . 1 3 6 0 . 1 2 2
2400 0 .1 1 5 0 . 1 0 1
2640 0 . 0 9 6 0 .084
2880 0 .0 8 2 0.071
3 1 2 0 0 . 0 7 0 0 .060
3360 0 .0 5 9 0.051
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T ,se c 1 2
kobo’ seo ' 1
r c - 0 . 0 0 0 7 0 -o.ooo';
cc -1 .0 0 0 -1 .0 0 0
[%+2] » 0 .2  M
A -Aqq
0 0 .6 2 6 0 .6 8 3
120 0 .5 2 8 0 .6 3 9
240 0 .4 4 7 0 .4 8 9
360 0 .3 7 6 0 .4 1 9
480 0 . 3 2 2 0 .3 5 8
600 0 .2 7 2 0 .3 0 2
720 0 .2 3 0 0 .2 5 8
840 0 .1 9 5 0 .2 1 9
960 0 .1 6 5 0 .1 8 3
1080 0.141 0 .151
1200 0 .1 1 9 0 .1 3 0
1320 0 .1 0 0 0 .1 0 9
1440 0 .0 8 5 0 .0 9 4
1560 0 .0 7 2 0 .0 7 2
1680 0 .0 6 0 0 .0 6 0
1800 0 . 0 5 0 0 .0 5 0
ko b s ’ s e c ' 1
r c -0 .0 0 1 3 9 -0.001*
cc -1 .0 0 0 -0 .9 9 9
[He+2] = 0 .4  M
■k - ^ c o
0 0 .6 3 7 0 .5 9 3
60 0 .541 0 .5 1 7
120 0 .4 6 4 0 .4 4 5
180 0 .3 9 9 0 .381
240 0 .3 4 2 0 .3 2 7
300 0 .2 9 3 0 .2 8 0
360 0 .251 0 .241
420 0 .2 1 4 0 .2 0 6
480 0 .1 8 6 0 .1 7 6
540 0 .1 5 7 0 .151
600 0 .1 3 6 0 .1 3 0
660 0 .1 1 6 0 .1 1 2
720 0 .0 9 8 0 .0 9 4
780 0 .0 8 4 0 .081
840 0 .0 7 3 0 . 0 7 0
900 0 .0 6 3 0 .0 6 0
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T ,s e c  1 2
ko b s 'seo" 1
r c -0 .0 0 2 5 8 -0 .0 0 2 5 6
cc -1 .0 0 0 -1 .0 0 0




r c 0 .00611  M” 1sec"-1
cc 0 .9 9 9
C6H5CH2Co(BDM1 , 3pn) (H20) +
[h6+2] = 0 .1  M, [h+ ] = 1 .0  M, IJL a 2.i
A -A©©
0 0 .6 5 5 0 .6 7 5
240 0 . 5 1 2 0 .5 2 2
480 0 .4 0 2 0 .4 0 8
720 0 .3 1 6 0 .3 1 5
960 0 .2 4 8 0 .2 4 6
1200 0 .1 9 3 0.191
1440 0 .1 5 2 0 .150
1680 0 .1 1 8 0 .1 1 3
1920 0 .0 9 3 0 .087
2160 0 .0 7 6 0 .0 6 5
2400 0 .0 6 0 0 .0 4 7
2640 0 .0 4 8 0 .0 3 8
W sec" 1
r c -0 .0 0 0 9 9 -0 .0 0 1 1 0
cc -1 .0 0 0 -1 .0 0 0
h s +2] « 0 .2  M
0 0 .5 8 9 0 .649
160 0 .4 2 7 0 .4 7 6
3 2 0 0 .3 0 8 0 .3 4 5
480 0 .2 2 3 0 .250
640 0 .1 6 3 0 .1 8 2
800 0 .1 2 0 0 .1 3 6
960 0 .0 8 7 0 .099
1120 0 .0 6 6 0 .0 7 4
1280 0 .0 4 7 0 .0 5 4
1440 0 .0 3 3 0 .0 4 0
1600 0 .0 2 6 0 . 0 3 0
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T ,se c 1
ko b s ’aec_
r c -0 .0 0 9 1 6 -0
cc -1 .0 0 0 -1
W 2 ] = 0 .4  M
81•4
0 0 .3 5 8 0
80 0 .1 6 9 0
160 0 .2 0 3 0
240 0 .1 5 4 0
320 0 . 1 1 7 0
400 0 .0 8 9 0
480 0 .0 7 5 0
560 0.051 0
640 0 .0 3 8 0
720 0 .0 3 0 0
800 0 .0 2 3 0
ko b s ’se c "
r c -O.OO 3 4 4 -0
cc -0 .9 9 9 -0
[ % +2] W a v e ) - s e c ’ 1
0 .1  0 .0 0 1 0 4
0 .2  0 .0 0 1 9 5
0 .4  0 .0 0 3 5 7
r c  0 .0 0 7 6 7  IT 1sec” 1
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F . CH^Co (BDM1, 3pnBF2 ) (H20) + 
[Hg+2] -  0 .2  M, [s*] = 1 .
T,m in i
A —Aqq
0 0 .5 6 6
8 0 . 5 5 1
16 0 .5 3 9
24 0 .5 2 8
32 0 .5 1 7
40 0 .5 0 6
56 0 .4 8 3
72 0 .4 6 2
88 0 .4 4 5
104 0 .4 2 9
120 0 .4 1 9
136 0 .3 9 4
156 0 .3 9 4
176 0 .3 8 2
360 0 .2 0 2
384 0 .1 8 3
408 0 .1 6 8
432 0 .1 5 2
456 0 .1 3 9
480 0 .1 2 6
5 1 2  0 .1 0 9
540 0 .0 9 7
k o b s ’ s e c " 1
r c  -5 -2 8  x  10-5
cc -0 .9 9 6
M, (1 = 2 .2
T,m in 2
A -A ^
0 0 .6 6 5
8 0 .6 5 3
16 0 .6 4 2
24 0 .6 3 2
32 0 .621
40 0 .611
48 0 .5 9 9
56 0 .5 8 7
64 0 .5 7 7
80 0 .5 5 7
96 0 .5 3 6
112 0 .5 1 6
128 0 .4 9 6
156 0 .461
188 0 .4 2 5
304 0 .3 1 0
336 0 .281
368 0 .2 5 7
400 0 .1 8 4
432 0 .211
464 0 .1 9 3
500 0 .1 7 3
k o b s ’se(
r c - 4 .6 3  x
cc -0 .9 9 4
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[Hg+ 2 ] *  0 .4  M
T,m in 1 T ,m in 2
A -A co A -A __CO
0 0 .6 0 0 0 0 . 5 4 4
8 0 .5 7 5 8 0 . 5 2 1
16 0 .5 5 5 16 0 . 5 0 1
24 0 .5 3 2 24 0.481
32 0 .5 1 3 32 0 .463
40 0 .4 9 2 40 0 .447
56 0 .4 5 7 48 0.431
72 0 .421 72 0 .3 8 3
88 0 .3 9 1 84 0 .3 6 4
116 0 .3 4 5 96 0 .336
124 0 .3 3 2 108 0 .3 1 6
136 0 .3 1 4 124 0.301
184 0 .251 148 0 .269
204 0 .2 2 8 172 0 .223
224 0 .2 0 8 192 0 .2 2 0
248 0 .1 8 7 208 0 .2 0 6
312 0 .1 3 5 232 0 .183
364 0 .1 0 8 244 0 .173
384 0 .0 9 8 292 0 .1 3 9
404 0 .0 8 9 304 0 .130
424 0 .0 8 1 352 0 .093
436 0 .0 7 7 420 0 .0 7 6
k oDs>sec“ 1 ko b s 'seo" 1
r c - 7 .8 4  x 10-5 r c - 7 . 9 0  X  10“ 5
cc -1 .0 0 0 cc -0 .9 9 9






4 .6 3  x  
5 .2 8  x 
7 .9 0  X 
7 .8 4  x 
1 .4 6  x
1 0 - I
1 0 “ !
1 0 “ !
1 0 M ^ se c ” ^
cc 0 .9 8 8
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o % vn o o (BDMen) (H20 ) +
IV 2] -  0 .2  M, [H+ ] = 1 . 0  ,/z= 2 . 2
T ,se c 1 2
A - a  0 0
0 0 .5 0 0 0 .4 8 8
480 0 .4 3 8 0 .4 2 6
960 0 .3 8 5 0 .3 6 8
1440 0 .3 3 9 0 .3 1 7
1920 0 . 3 0 1 0 .2 7 2
2400 0 .2 6 5 0 .2 3 7
2880 0 .2 3 5 0 .2 0 2
3360 0 .2 1 2 0 .1 7 3
3840 0 .1 9 3 0 .1 4 8
4320 0 .1 7 6 0 .1 3 0
4800 0 .1 5 5 0 .1 1 4
5280 0 .1 3 8 0 .1 0 3
5760 0 .121 0 .0 8 9
6240 0 .1 0 4 0 .0 7 8
6720 0 .0 9 0 0 .0 7 0
7200 0 .0 7 9 0 .0 6 0
7680 0 .0 6 7 0 .0 5 0
8160 0 .0 5 7 0 .0 4 0
k o b s ’se c ' 1
r c -0 .0 0 0 2 6 -0 .0 0 0 :
cc -0 .9 9 8 -0 .9 9 9
[ V 2]': 0 .3  M
A “Aoo
0 0 .5 4 0 0 . 5 4 5
240 0 .4 8 0 0 . 4 9 1
480 0 .4 3 2 0 . 4 4 3
720 0 .3 9 0 0 .4 0 0
960 0 .3 5 0 0 .3 6 0
1200 0 .3 1 8 0 .3 2 7
1440 0 .2 8 5 0 .2 9 6
1680 0 .2 6 0 0 .2 6 8
1920 0 .2 3 3 0 .2 4 4
2160 0 .2 1 1 0 .2 2 0
2400 0 .1 9 0 0 .2 0 2
2640 0 .1 7 1 0 .1 8 3
2880 0 .1 5 5 0 .1 6 7
3 1 2 0 0 .1 3 9 0 .1 5 5
3360 0 .1 2 4 0.141
3600 0 .1 1 1 0 .1 2 8
3840 0 .1 0 2 0 .1 1 6
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
126
T,sec 1 2
4080 0 .0 9 2  0 .1 0 5
4520 0 .0 8 4  0 .0 9 6
4560 0 .0 7 6  0 .0 8 7
4800 0 .0 7 0  0 .0 7 8
5040 0 .0 6 5  0 .0 6 9
k , .s e c  o b s’
r c  -0 .0 0 0 4 5  -0 .0 0 0 4 0
cc  -1 .0 0 0  -1 .0 0 0
[Hg+2] * 0 .4  M
0 .5 0 5
0 .4 5 5
0 .5 7 8
0 .5 2 9
0 .2 8 6
0 .2 5 0
0 .2 1 7
0 .1 9 0
0 .1 6 5
0 .1 4 4
0 .1 2 5
0 .1 0 7
0 .0 9 3
0 .0 8 0
0 .0 6 9
0 .0 6 0
W seo" 1
r c  -0 .0 0 0 5 2  -0 .0 0 0 5 9
cc -1 .0 0 0  -1 .0 0 0
[ % +2] Ko b s (av e )
0 .2  0 .0 0 0 2 8
0 .5  0 .0 0 0 4 2
0 .4  0 .0 0 0 5 6
r c  0 .0 0 1 4 0  M” 1sec“ 1
cc 0 .0 0 0
0 0 .528
240 0 .4 6 1
480 0 .4 0 5
720 0 .5 5 8
960 0.516
1200 0 .2 7 6
1440 0 .2 4 5
1680 0 .2 1 6
1920 0 .1 9 1
2160 0 .1 6 7
2400 0 .1 4 8
2640 0 .1 5 0
2880 0 .1 1 4
5120 0.101
5560 0 .0 9 1
5600 0 .0 8 2
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H. C^CoCDMG^Cl^O)
[h6+2] * 0 .1  M, [h+ ] « 1 .0  2 .2























0 .9 8 7
0 .7 7 6
0 .6 0 9
0 .4 7 5
0 .3 7 3
0 .2 9 6
0.232
0 .1 8 4
0 .1 4 7
0 .1 1 7
0 .0 8 6
0 .0 6 7
0 .0 5 4
0 .0 4 2
0 .0 3 3
'"o'bs sec
A _'l'7Q
6 I 9  28 
0 .7 2 6  
0 .571 
0 .4 4 3  
0 .3 5 0  
0 .2 7 3  
0.211  
0 .1 6 3  
0 .1 2 6  
0 .0 9 9  
0 .0 7 6  
0 .0 5 9  
0 .0 4 5
0 .0 3 5
0 .0 2 7
-1
-0.00303
- 1 .0 0 0
-0 .0 0 3 1 5
- 1 .000
0 . 2  M
A -A co
0  1 . 2 0 2  1 . 1 8 3
40 0 .9 4 5  0 .9 3 8
80 0 .7 5 0  0.74-3
1 2 0  0 . 5 9 2  0 .5 9 3
160 0 .4 7 0  0 .4 7 3
2 0 0  0 . 3 7 0  0 .3 7 3
240 0 .2 9 2  0 .2 9 4
280 0 .2 2 8  0 . 2 3 2
3 2 0  0 .181  0 .181
360 0 .1 4 2  0 .1 4 5
400 0 .1 1 2  0 .1 1 4
440 0 .0 8 8  0 .0 9 0
480 0 .0 6 8  0 .0 7 0
5 2 0  0 .0 5 3  0 . 0 5 6
5 6 0  0 .0 4 3  0 .0 4 5
600 0 .0 3 4  0 .0 3 5
ko b s ,s e c
r c  - 0 . 0 0 5 9 7  -0 .0 0 5 8 8
cc  -1 .0 0 0  -1 .0 0 0
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[Hg+2] -  0 .4  M 
T ,s e c
[He+2]
A -A „  oo
0 1 .1 6 8  1 .1 2 5
20 0 .9 4 3  0 .8 9 8
40 0 .7 6 5  0 .7 2 5
60 0 .6 2 5  0 .5 8 5
80 0 .4 9 0  0 .4 6 5
100 0 .4 0 7  0 .5 7 6
120 0 .5 3 3  0 .5 0 4
140 0 .2 7 6  0 .2 4 5
160 0 .2 2 8  0 .1 9 9
180 0 .1 8 8  0 .1 6 0
200 0 . 1 5 5  0 .1 2 8
220 0 .1 2 5  0 .1 0 5
240 0 .1 0 7  0 .0 8 5
260 0 .0 8 5  0 .0 6 8
280 0 .0 7 0  0 .0 5 5
500 0 .0 6 2  0 .0 4 2
ko b s ’ Ee0"1
r c  -0 .0 0 9 8 8  -0 .0 1 0 8 4
cc -1 .0 0 0  -1 .0 0 0
ko b s(a v e)
0 . 1  0 . 0 0 5 0 9
0 .2  0 .00593
0 .4  0 .0 1 0 4 0
* - 1 . - 1r c  0 .0 2 5 9 4  M sec
cc 0 ,9 9 8
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[Hg+ 2] = 0 .2  M, [H+ ] * 0 .7  M 
T ,sec  1 2
A -A oo
0 1 .J 4 9  1 .157
30 1 .061 0 .9 2 3
60 0 .8 3 7  0 .7 4 0
90 0 .6 5 9  0 .5 9 2
120 0 .5 2 4  0 .4 7 0
150 0 .4 0 9  0 .3 8 4
180 0 .3 2 5  0 .3 0 8
210 0 .2 5 7  0 .2 4 7
240 0 .2 0 4  0 .1 9 5
270 0 .1 6 2  0 .1 5 7
300 0 .1 2 7  0 .1 2 6
3 3 0  0 .101  0 .1 0 2
360 0 .0 7 8  0 .0 8 2
390 0 .0 6 2  0 .0 6 5
420 0 .0 4 9  0 .0 5 2
450 0 .0 3 8  0 .0 4 2
w s e c " 1
rc  -0 .0 0 7 8 9  -0 .0 0 7 5 6
cc —1 .0 0 0  -1 .0 0 0
[Hg+2] * 0 .2  M, [h+] -  0 .5  M
A —A QQ
0  1 . 0 7 8  1 . 2 3 9
20 0 .8 6 5  1 .017
40 0 .7 0 0  0 .8 3 4
60 0 .5 6 4  0 .6 8 4
80 0 .4 5 8  0 .5 6 4
100 0 .3 6 8  0 .4 6 2
120 0 .2 9 7  0 .3 8 0
140 0 .241  0 .3 1 2
160 0 .1 9 5  0 .2 5 5
180 0 .1 5 8  0 .2 1 2
200 0 .1 2 6  0 .1 7 4
220 0 .1 0 3  0 .1 4 4
240 0 .0 8 3  0 .1 1 8
260 0 .0 6 6  0 .0 9 7
280 0 .0 5 4  0 .0 8 0
300 0 .0 4 3  0 .0 6 3
ko b s ’ s e o ’ 1
r c  - 0 . 0 1 0 7 0  -0 .0 0 9 8 2
cc —1 .0 0 0  -1 .0 0 0





i n t e r c e p t ,k  
k =
r c , s lo p e  
KgCrc x  k)
cc
w * v e > K 2 ]
0 .01026  0 .2  19 .495
0.00765 0 .2  26 .212
0 .00593  0 .2  33 .727
-1 5 .799 -1  „ -1
0 . 1 7 2  sec  M
28 .1 9 7  ^
4 .8 6 2  M~n 
0 .9 9 7
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APPENDIX I I  
K in e t ic s  D ata  f o r  Hg(OAc) 2  B eac tio n s
The v a r io u s  a lk y l  com plexes w ers a lso  r e a c te d  w ith  
Hg(0Ac)2 a t  pH=5. B ecause th e  r e a c t io n s  were v e ry  slow , 
r a t e s  were o b se rv e d  o n ly  a t  0 .1  M HgCOAc^*
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® 5Co(EDM1 ,3 p n )(H 20 ) +
T,min 1 2
A -A CO
0 0 .6 7 0 0 .5 0 5
1 0 .6 5 0 0 .4 6 5
2 0 .6 2 0 0 .4 4 0
Xs 0 .5 9 0 0 .4 2 5
4 0 .5 9 0 0 .4 2 0
5 0 .5 4 0 0 .4 0 5
6 0 . 5 2 0 0 .3 7 8
7 0 .4 9 5 0 .3 5 5
8 0 .4 8 0 0 .3 4 5
9 0 .4 4 5 0 .3 2 8
10 0 .4 2 5 0 .3 1 3
11 0 .4 0 8 0 .2 9 5
12 0 .3 8 0 0 .2 8 3
15 0 .3 6 8 0 .2 7 3
14 0.34-9 0 .2 5 3
15 0 .321 0 .2 3 3
16 0 .3 0 8 0 .2 2 7
17 0 .2 9 0 0 .2 1 3
18 0 .2 8 5 0 .2 0 2
19 0 .2 6 2 0 .1 8 7
20 0 .2 4 8 0 .1 8 0
21 0 .2 3 5 0 .1 6 8
22 0 .2 2 2 0 .1 6 3
25 0 .211 0 .1 5 0
24 0 .1 9 8 0 .1 4 3
25 0 .1 8 8 0 .1 3 3
26 0 .1 7 2 0 .1 2 5
27 0 .1 6 3 0 .1 2 3
28 0 .1 5 2 0 .1 1 0
29 0 .1 4 3 0 .0 9 9
30 0 .1 4 3 0 .0 8 5
31 0 .1 2 3 0 .0 8 3
kobs
r c -0 .0 5 3 9 8 -0.056C
cc -0 .9 9 8 -0 .9 9 5
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c s  m o o o o i A o o o o o o o o o  °
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T ,h r 1 2
00
0 0.901 0 .8 3 7
1 .5 0 .921 0 .8 5 7
5 .0 0 .911 0 .8 1 7
2 2 .0 0.701 0 .6 5 2
2 8 .0 0 .681 0 .6 4 7
5 6 .0 0 .471 0 .4 2 7
7 9 .5 0 .3 7 2 0 .3 3 6
9 4 .0 0 .3 0 0 0 .2 7 7
12 1 .0 0 .2 1 3 0 .199
14 2 .0 0 .151 0 .1 4 8
145 .0 0 .1 3 5 0 .1 2 7
16 7 .0 0 .1 1 0 0 .1 0 3
19 0 .0 0 .081 0 .0 8 2
219 .0 0 .0 5 9 0 .0 5 9
26 5 .0 0 .0 3 8 0 .0 3 9
28 6 .0 0 .0 3 2 0 .0 3 6
k h r”  ^o b s ’
r c -0 .0 1 2 2 8 -0 .0 1 1 '
cc -0 .9 9 8 -0 .9 9 7
E. C6H5CH2Co(BDM1 , 5pn)(H 20 )+
A -A qq
0 0 .4 6 0 0 .4 4 7
3 .0 0 .4 4 5 0 .4 1 7
2 1 .5 0 .3 6 0 0 .3 3 2
4 4 .0 0 .2 4 0 0 .2 4 2
6 6 .0 0 .1 6 8 0 .1 8 0
7 3 .0 0 .1 5 7 0 .1 7 2
9 6 .5 0 .1 1 7 0 .1 3 4
114 .25 0 .0 9 9 0 .111
1 1 9 .5 0 .0 8 2 0 .1 0 0
1 4 0 .5 0 .0 6 5 0 .0 7 0
1 6 2 .0 0 .0 4 8 0 .0 4 8
18 8 .0 0 .0 2 8 0 . 0 3 0
r c  -0 .0 1 4 4 0  -0 .0 1 3 6 2
cc -0 .9 9 8  -0 .9 9 5





K in e t ic s  D ata  f o r  th e  P y ro ly s is  o f  
ECo(BDH1, 3pn)(H20 )+ Complexes













2 .4 3 3
2 .1 6 0
2 .1 2 8
1 .9 8 4
1 .3 1 2
0.960
0.560
0 .3 0 4














r c -0 .0 0 4 9 4 rc
cc -0 .9 8 8 cc




0 3 .6 0 0 2.500
. 8 3 .5 1 8 2 .392
15 3 .4 2 0 2 .323
38 3 .1 9 0 2 .082
49 2 .8 3 0 1 .908
62 2 .3 4 0 1 .7 8 4
73 1 .7 6 0 1 .620
80 1 .6 4 0 1 . 5 1 2
115 1 .4 0 0 0 .7 9 2
124 0 .5 6 0 0 .720
133 0 .0 8 4 0 .4 8 0
^obs
. -1,min
r c -0 .0 1 1 3 3 -0 .012 !
cc -0 .9 4 9 -0 .9 1 9





1 . 3 1 2
0 .7 0 4
0 .6 0 8
0 .5 4 4
0 .256
-0 .0 5 9 9
-0 .9 9 6





M ix e d  G a s e o u s  P r o d u c t s  D a t a  f o r  V a r i o u s  R e a c t i o n s
A lkane h w(>£h) a re a s / f a c /a k %
P y ro ly s is  a t 200°
CH^CoCBDMI, 3pn)(H 20 ) +
CH4 195 0 .5 97-5 0 .9 7 9 9 .5 70
0 *  5 1 -5 4 .5 1 .0 2 4 .4 3
C2H6 25 1 -5 57 .5 0 .9 7 38 .7 27
C^CoCBDM I, 3pn) (H20) +
144 1 .0 144 1 .0 2 141.30 95
% 5 1 .5 6 .7 5 0 .9 7 6 .9 7 5
n-C^H^Co(BDM1 ,3 p n )(H 20 ) +
F i r s t  run
C4Hg 147 2 3 .0 3381 73
C4H10 52 4 0 .0 1280 27
Second run
C4H8 79 4 4 .0 3476 71
C4H1q 22 6 5 .0 1430 29
P h o to ly s is
CH,Co(BDM1, 3pn)(H 20 ) +
F i r s t  ru n
CH4 64 1 .0 64 0 .9 7 25-98 97
G^6 1 .7 5 1 .2 5 2.19 0 .9 7 2 .2 6 3
Second run
CH  ^ 179 1 .0 179 0 .9 7 184 .54 93
02=6 11 1 .5 5 14 .6 0 .9 7 15-08 7
T h ird  run
CH  ^ 1 5 7 1 .0 157 0 .9 7 161 .86 92
OgH, 9 1 .5 15-5 0 .9 7 13 .92 8
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A l k a n e  h  w (j£ h ) a r e a  s / f a  c /a ' '
CgH ^C o (B D M 1,  3 p n  )  (H g O ) +
128 1 .0  12 8 .0  1 .0 2  125-
1 .5  1 .3  1 .9 5  0 .9 7  2.
C . B a s e  ( 1  M N aO H ) r e a c t i o n  a t  5 2 °
CgH^GoCBDM I, 3 p n ) ( H 20 ) +
CgH^ 2 6 .0  1 .0  2 6 .0  1 .0 2  25-
CgHg 1 2 .0  1 .0  1 2 .0  0 .9 7  12.
a .  s e n s i t i v i t y  f a c t o r  
t> . c o r r e c t e d  a r e a
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